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NEC Electronics’ fabrication, testing and assembly factory in 
Roseville, California, is expanding to become one of the most 
advanced facilities in the United States. The new buildings 
shown in the inset will quadruple the total plant area, allowing 
for approximately 30% of total revenue to be derived from 
products manufactured in the United States. 
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NEC 


Introduction 


This 1991 edition of the MEMORY PRODUCTS DATA 
BOOK contains the most current information available 
at the time of printing. Please contact your local repre- 
sentative of NEC Electronics Inc. to stay informed of 
upcoming releases. Additional products in develop- 
ment but not yet announced are referred to below. The 
addition of these products to our memory line, already 
the broadest in the industry (and briefly described in 
this section), means that NEC is able to offer an even 
greater selection of device types, configurations, and 
packaging options in each of the major memory 
groups. 


Among our new application-specific products are high 
performance devices for graphics, video/TV, image 
processing, data processing, and other specialized 
applications. The uPD42275, for example, expands our 
leadership line of 1-Mbit video buffers with an 8-bit 
organization that provides increased bandwidth for 
high-end applications as well as a low-cost, best-fit 
solution for low-end graphics systems. Our 256K video 
buffer capabilities have been extended with the CMOS- 
fabricated uPD42264. Densities beyond 1 Mbit will be 
announced in 1991. The pPD42272 picture-in-picture 
generator provides an easy design path for simulta- 
neous viewing of multiple screens in television, imag- 
ing, and security systems. The uPD42271 provides the 
same functions, minus the colored border of the inset 
picture. In 1991, you can also expect new field buffer 
and silicon file products and modules based on video 
buffers. 


In building on our position as an industry leader in the 
production of latest-generation DRAMs, we have fo- 
cused our attention on developing products with 
higher density, lower power consumption, and faster 
access times. Our 1-Mbit CMOS DRAMs are now avail- 
able in 60 ns versions. Write-per-bit options are also 
offered. NEC’s recently released 4-Mbit CMOS 
DRAMs—the puPD424100, uPD424101, pPD424102, 
UPD424400, uPD424402, wPD424410, uPD424412, and 
uUPD424800-series—reflect the trend toward higher 


SIMM is a trademark of Wang Laboratories. 
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integration and continue NEC’s advances in high- 
volume manufacturing of fast DRAMs. These 4-Mbit 
DRAMs will be the key devices produced in our new 
factory addition in Roseville, California (see 
description elsewhere in this section). TSOP packages 
will also eventually be offered on DRAMs of 1 Mbit or 
greater, and 300-mil SOJ packaging will be available for 
4-Mbit DRAMs by 1991. 


A family of modules based on our 1- and 4-Mbit DRAMs 
is being offered with 8-, 9-, 36- or 40-bit organizations 
and either leaded or socket-mountable mounting op- 
tions. Single Inline Memory Module (SIMM™) packag- 
ing enhances reliability and reduces the size, weight 
and cost of a system, providing the same high perfor- 
mance at the module level as at the device level. The 
DRAM product family will be extended in 1991 to 
include new SIMM modules, additional DRAMs of 8 
data bits or more, and new 16-Mbit DRAMs with a 
variety of operating features and data bus widths. 


An increasing demand for enlarged program and data 
memory in point-of-sale systems, numerically con- 
trolled machining systems, hand-held computers, por- 
table terminals and word processors has led to our 
development of low-power static CMOS RAMs, all of 
which feature advanced circuitry, a short-channel 
silicon-gate fabrication process, fast access times, and 
fully static operation (with no clock or refreshing). 
Densities through 1Mbit are now available in this family, 
as is the popular new TSOP package. Density will 
increase to 4 Mbits and beyond in our byte-wide SRAMs. 


NEC has continued to develop more efficient, super 
high-speed products for use as cache memory, main 
memory, and control storage memory in workstations, 
file servers, mainframe computers and IC testers, as 
evidenced by our announcement of 17 new fast CMOS 
and BiCMOS SRAMs and bipolar ECL RAMs. These 
devices are available in densities through 1 Mbit, with 
data bus widths of up to 20 bits for cache applications. 
Additional products, through 4 Mbits for CMOS and 1 
Mbit for ECL-compatible BiCMOS, are in development. 
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Our family of EPROMs has also been expanded to 
include higher density products offering greater integ- 
rity, improved programming features, and a consider- 
able savings in both operating and standby power. Our 
fast 1-, 2- and 4-Mbit EPROMs are in production now; 
samples of even high density versions will be available 
in 1991. The pPD27HC65 is our first product offered as 
a low-cost replacement of high-speed bipolar PROMs. 
Our EEPROMs now span the range of densities from 4 
to 256 Kbits; additional devices will be announced later. 
Low-profile TSOP and WSOP packages are offered on 
NEC’s EPROMs and EEPROMs. 


Six new mask-programmable ROMs featuring very 
large capacity (as high as 16 Mbits) and either 8- or 
16-bit organization have been developed in response to 
the growing demand for storing greater quantities of 
data on one chip, e.g., dictionary and thesaurus data, 
embedded application routines and data for portable 


Additional New Product Information 
Device Number - Description 


Application-Specific Devices 


UPD42273 256K x 4-bit dual-port graphics buffer 

uPD42274 256K x 4-bit dual-port graphics buffer 
with flash write option 

MC-42256D32V 256K x 32-bit dual-port graphics buffer 


SIMM with flash write option 


MC-42601 EA9B-60L 1M x 9-bit silicon file SIMM 


computers and electronic games, and large-size char- 
acter sets/fonts. Future efforts in this area will concen- 
trate on producing denser and faster speed versions 
for these applications. 


Two memory cards based on SRAM technology are also 
being offered. Future products will cover additional 
densities and additional memory types—ROM and 
EPROM. 


This 1991 MEMORY PRODUCTS DATA BOOK is for your 
reference. The most complete information available at 
the time of printing is included, but several new devices 
or enhancements will be available very soon. Please 
refer to the table below for imminent products which 
will require follow-up action for your consideration of 
the latest from NEC. If you need further assistance, 
please contact one of the sales offices listed in the back 
of this book. Our field applications engineers or tech- 
nology center personnel will be happy to assist you. 


Comments 


New speed of 80 ns 


New speed of 80 ns 
80 pins, leaded, zig-zag configuration 


30 pins, socket-mountable 





uPD42271 7568 x 18-bit picture-in-picture generator Same as pPD42272, except no colored frame on inset 
picture 

uPD42641 4M x 1-bit silicon file New in first half of 1991, with speeds to 80 ns 

uPD42644 1M x 4-bit silicon file New in first half of 1991, with speeds to 80 ns 

Dynamic. RAM Modules 

MC-42256AE9 256K x 9-bit fast-page SIMM Three-piece solution, with speeds to 70 ns 

MC-424256AE 36 256K x 36-bit fast-page SIMM One-inch height, with speeds to 70 ns 

MC-424512AE36 512K x 36-bit fast-page SIMM One-inch height, with speeds to 70 ns 

MC-421000A36xD 1M x 36-bit fast-page SIMM One-inch height, with speeds to 70 ns 

MC-424512AA40 512K x 40-bit fast-page SIMM Speeds to 60 ns 

MC-421000AA40 1M x 40-bit fast-page SIMM Speeds to 70 ns 

MC-422000AA40 2M x 40-bit fast-page SIMM Speeds to 70 ns 

Dynamic RAMs 

UPD421000/1/2 1M x 1-bit; TSOP packaging New package (GX suffix) 

UPD424256/258/266/268 256K x 4 bits; TSOP packaging New package (GX suffix) 

pPD424100/1/2 4M x 1-bit DRAM enhancements New speeds of 60 and 70 ns; new 300-mil SOJ (LA 
suffix); new TSOP package (Gx suffix) 

puPD424400/402/410/412 1M x 4-bit DRAM enhancements New speeds of 60 and 70 ns; new 300-mil SOJ 


package (LA suffix); new TSOP package (Gx suffix) 
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Device Number 
uPD424802 
uUPD424810 


uPD424812 


UPD42xxxx 
Static RAMs 
uPD4361 
uPD4362 
UPD4363 
LPD4368 
uUPD4369 
pHPD43251 
uPD43253 
pPD43254 
uUPD43258 
UPD43259 
EPROMs 
UPD27C1000A 


HPD27C1001A 


uPD27C2001 
uPD27C4000 
uPD27C-4096 
EEPROMs 
uPD28C64 


Mask-Programmable ROMs 


uPD23C2001E 
uPD28C4001 EA 
UPD23HC4001E 


Description 
512K:x 8-bit static-column DRAM 


512K x 8-bit fast-page DRAM with 
write-per-bit option 


512K x 8-bit static-column DRAM with 
write-per-bit option 


Various 256K x 16-bit DRAMs 


64K x 1-bit 

16K x 4 bits 

16K x 4 bits, with OE 
8K x 8 bits 

8K x 9 bits 


256K x 1 bit 


64K x 4 bits, with OE 
64K x 4 bits 
32K x 8 bits 
32K x 9 bits 


128K x 8 bits, ROM-compatible, 
WSOP packaging 


128K x 8 bits, JEDEC-compatible, 
WSOP packaging 


256K x 8 bits, WSOP packaging 
256K x 16 bits or 512K x 8 bits 
256K x 16 bits 


8K x 8 bits, TSOP packaging 


256K x 8 bits 
512K x 8 bits 
512K x 8 bits 
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Comments 
Speeds to 70 ns; SOJ and ZIP packaging 
Speeds to 70 ns; SOJ and ZIP packaging 


Speeds to 70 ns; SOJ and ZIP packaging 


40-pin SOJ, samples first half 1991 


New speeds to 12 ns 
New speeds to 12 ns 
New speeds to 12 ns 
New device, with speeds to 15 ns 
New device, with speeds to 15 ns 
New speeds to 15 ns 
New device, with speeds to 15 ns 
New speeds to 15 ns 
New speeds to 20 ns 


New device 


_New package (B suffix) 


New package (B suffix) 


New speed of 120 ns and new package (B suffix) 
New device, with speeds to 150 ns 


New device, with speeds to 120 ns 


New package (GX suffix) 


New device, with speed of 200 ns 
New speed of 200 ns 


New device, with speed of 100 ns 
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Manufacturing in Roseville, California 


NEC Electronics Inc. has been successfully providing 
the American market with high quality semiconductors 
and electronic components since 1979. As a subsidiary 
of Tokyo-based NEC Corporation, NEC Electronics is 
the company’s commitment to the growing require- 
ments of the U.S. market for electronic devices. . 


A quarter of a century ago, NEC Corporation put into 
place a strategy for globalization. Through a carefully 
planned process, the company has moved from placing 
sales offices throughout the world to opening manufac- 
turing plants, design centers, and research and devel- 
opment facilities in key markets. 


NEC’s global strategy in the semiconductor industry is 
based on providing customers worldwide with compet- 
itive products. In putting this philosophy in practice, the 
company has recognized the need to “localize” the 
development and manufacturing functions by getting 
closer to the customer. NEC Electronics’ operations in 
the United States can be viewed as an example of how 
the company has implemented its globalization 
strategy. 


NEC Electronics Inc., headquartered in Mountain View, 
California, opened its first manufacturing facility in 
1984 in Roseville, California. As the first Japanese 
company to make a major investment in the United 
States in the production of semiconductor devices, 
beginning with 64K DRAMs, NEC Electronics quickly 
moved to the production of 256K DRAMS in 1985. Today 
the facility is still producing high quality 256K DRAMs in 
a number of different package types to meet the needs 
of its U.S. customers. Additionally, the Roseville plant 
also produces microprocessors and application- 
specific integrated circuits (ASICs). 


The success of the Roseville facility can be attributed 
to its excellent process technology and to the out- 
standing performance of its employees, who place 
their primary emphasis on manufacturing high quality, 
reliable products on time. The plant operates with a 
“zero defects” policy and its employees take pride in 
reaching this goal. 





NEC Electronics’ Roseville, California, manufacturing facility prior to 
expansion. This 200,000-square-foot facility currently fabricates 256K 
DRAMs, 256K dual-port graphics buffers, microprocessors and 
application-specific integrated circuits (ASICs). 
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The plant currently employs more than 700 employees 
in fabrication, test, assembly, engineering and admin- 
istrative functions in its 200,000-square-foot facility. In 
addition to providing customers with a “‘local” source, 
our Staff in Roseville, as well as in corporate headquar- 
ters in Mountain View, the Technology Center in Natick, 
Massachusetts, and the field offices throughout the 
United States are always available to answer customer 
questions. 


It is NEC’s commitment to provide leading edge tech- 
nology on a local basis. As a result, the company 
announced its decision in 1989 to expand the Roseville 
manufacturing facility. In Spring 1991, NEC Electronics 
will open the doors to one of the most advanced 
fabrication facilities in the United States. This 465,000- 
square-foot addition will be capable of producing the 
most technologically advanced products available any- 
where in the world. Although the plant initially will 
produce 4 Meg DRAMs, it is being designed to quickly 
move to 16 Meg and higher as customer requirements 


demand. The facility will also be capable of manufac- 
turing other advanced products as well. 


The new addition will increase square footage of the 
Roseville plant by more than four times, enabling NEC 
Electronics to offer a higher volume of product, manu- 
factured locally for U.S. customers, as well as a broad 
range of devices—from memories to custom micropro- 
cessors and ASICs. The $500 million investment to 
expand manufacturing in Roseville represents NEC’s 
ongoing commitment to the needs of the U.S. market. 


Approximately 30% of NEC Electronics’ sales revenue 
comes from chips produced in the United States (com- 
pared to the 5% produced here by other Japanese 
chipmakers). This percentage is expected to increase 
as NEC’s expanded facilities will have the capacity to 
produce 3 to 5 million chips per month. The expansion 
will also directly result in the creation of 600 new jobs in 
the United States, with a total annual payroll in excess 
of $18 million. 





Construction of the expansion at NEC Electronics’ manufacturing 
facility in Roseville, California. Due to be completed in Spring 1991, 
this state-of-the-art plant will add the capability to produce the 4 Meg 
DRAM, as well as advanced SRAMs, microprocessors and ASIC 
devices. In addition, the plant has been designed to be easily 
upgraded to produce the 16 Meg DRAM. 
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Product Line Overview 





Bit Application 
Density Specific Module 
1K 
4k 
8K pPD42101 
uPD42102 
16K uPD43501 
40K uPD42505 
64K yPD43608 
133K puPD42272 
256K pPD41264 
yPD42264 
uPD42532 
320K 
1M uPD42270 MC-174 
pPD42273 
yPD42274 
pPD42275 
yPD42601 
2M MC-41256A8 
MC-41256A9 
MC-157 
4M MC-176 


RAM 


Dynamic 


pPD41256 
uPD41464 


uPD421000 
uPD421001 

uPD421002 
uPD424256 
uPD424258 
yPD424266 
uPD424268 


uPD424100 
yPD424101 

yPD424102 
uPD424400 
yPD424402 
uPD424410 
uPD424412 
yPD424800 


MOS Static ECL EPROM 
pPB10422 
puPB100422 
pPB10470 
uPB10474 
pPB10474A 
yPB10474E 
yPB100470 
pPB100474 
pyPB100474A 
uPB100474E 
uPB10480 
pPB10484 
pUPBI0484A 
UPB10A484 
pPB100480 
pPB100484 
pPB100484A 
pPB100A484 
uPD4361 puPD27HC65 
uUPD4362 
uUPD4363 
uPD43251 uPD10500 
uUPD43254 puPD10504 
UPD43256A  yPD100500 
HPD43256B uPD100504 
uPD43258 
uPD46251 
uPD46710 
uPD46741 
uPD431000 pPD27C1000A 
uPD431000A uPD27C1001A 
uPD431001 uPD27C1024A 
uPD431004 
uPD27C2001 
uPD27C4001 


EEPROM ‘ROM 


uPD28C04 
uPD28C05 


pPD28C64 


pPD28C256 


HPD23C1000A 
HPD23C1000EA 
uPD23C1001E 
HPD23C1010A 
yPD23C1024E 


uPD23C2000 
UPD23C2000A 
uPD23C2001 


pPD23C4000 
uPD23C4000A 
uPD23C4001E 


N: fo C General Information 


Product Line Overview (cont) 








‘ err RAM 

Bit Application: — 

Density Specific Module Dynamic MOS Static ECL EPROM EEPROM ROM 

8M MC-421000A8 uPD23C8000 
MC-421000A9 uUPD23C8001E 
MC-424256A36 

16M MC-424512A36 uPD23C16000 

32M MC-424100A8 
MC-424100A9 
MC-421000A36 

64M MC-422000A36 
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USA 


Lape tel 


Country of Origin 


Device Type 


B = Digital bipolar 
D = Digital MOS 


Product Class 


10 = 10K ECL RAM 
100 = 100K ECL RAM 
23(H)C = CMOS ROM 
27(H)C = CMOS EPROM 
28C = CMOS EEPROM 
41 = NMOS dynamic RAM 
42 = CMOS dynamic RAM 
43 = CMOS static RAM 
44 = CMOS static RAM (6-T cell) 
46 = BiCMOS static RAM 


Device Identifier 


Package 


B or BH 

C, CR or CZ 

D, DH, DX or DZ 

G (s 40 pins), GU or GW 
G (> 40 pins) or GF 

GX or GZ 

K 


L 
LA, LB or LE 
R 


V 
Notes: 


NEC 


91 44 XY116 


r 


NEC Lot Code 


~ 70 L 


Date Code 
Week 


Year 


Low Power Indicator 
[Optional] 
L = Low power 
LL = Very low power 


Speed Selection 

-10 100 ns or 10 ns 
-12 120 ns or 12 ns 
-15 150 ns or 15 ns 
-70 70 ns 

-80 80 ns 

-85 85 ns 

-XX Etc. 


Ceramic flatpack, with a quartz window if appropriate 
Plastic DIP 

Cerdip or ceramic DIP, with a quartz window if appropriate 
Plastic miniflat 

Plastic QFP 

Plastic TSOP 

Ceramic LCG 

PLCC 

Plastic SOJ 

Ceramic PGA 

Plastic ZIP 


The marking format may vary among package types. 
Regardless of the format, the device number does not change. 
The "EP" in NEC part numbers does not appear on the package. 
DIP = dual-inline package 
LCC = leadless chip carrier 
PLCC = plastic leaded chip carrier 
PGA = pin grid array 
SOJ = small-outline J-lead package 
ZIP = zig-zag inline package 

(10) TSOP = thin small-outline package 

(11) QFP = quad flatpack 


83SL-7321B 
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Device Organization Access Time (ns) Package (Note 1) Pins 
uUPD41264-12 64K x 4 with two ports 120 PortA C/V 24 
40 PortB 
uPD41264-15 150 PortA 
60 Port B 
UPD42264-10 64K x 4 with two ports 100 PortA C/LA/V 24 
25 Port B 
UPD42273-10 256K x 4 with two ports 100 PortA LE/V 28 
30 Port B 
HPD42273-12 120 PortA 
40 PortB 
UPD42274-10 256K x 4 with two ports 100 PortA LE/V 28 
30 Port B 
UPD42274-12 120 PortA 
40 PortB 
UPD42275-80 128K x 8 with two ports 80 PortA LE 40 
25 Port B 
puPD42275-10 100 PortA 
30 Port B 
pPD42275-12 120 Port A 
40 PortB 
uUPD42101-3 910x 8 27 C/G 24 
uPD42101-2 27 
uPD42101-1 49 
uPD42102-5 1135 x 8 18 C/G 24 
UPD42102-3 21 
uPD42102-2 21 
uPD42102-1 40 
uUPD42505-50 5048 x 8 40 Cc 24 
uUPD42505-50H 40 
uUPD42505-75 55 
puPD42505-75H 55 
uUPD42270 910 x 263 x 4 40 Cc 28 
uUPD42272 7568 x 18 6 MHz (input sampling) GF 64 
UPD42532-10 32K x 8 50 CG 40 
UPD42601 -60 IMx1 600 (Single) C/LA/V C= 18 
100 (Page) LA = 26/20 
HPD42601 -60L V = 20 
uPD43501 2x1Kx8 60 R 182 
uUPD43608-3 512 x 32x 4 or 64 R 132 
1Kx 16x 4 
HPD43608-2 85 
Notes: 


(i) C = plastic DIP; G = plastic miniflat; GF = plastic QFP; 
LA or LE = plastic SOJ; R = ceramic PGA; V = plastic ZIP. 
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Memory Cards 


Device Organization Access Time (ns) Package Pins 
MC-174 128K x & (static RAM) 250 Memory card 60 
MC-176 512K x 8 (static RAM) 250 Memory card 60 


Dynamic RAM Modules 











Device Organization Access Time (ns) Package (Note 1) Pins 
MC-157-10 256K x 8 (fast-page) 100 B 30 
MC-41256A8-80 256K x 8 (page) 80 A/B 30 
MC-41256A8-10 100 

MC-421000A8-60 1M x 8 (fast-page) 60 A/B 30 
MC-421000A8-70 3 70 

MC-421000A8-80 80 

MC-421000A8-10 100 

MC-424100A8-70 4M x 8 (fast-page) 70 A/B 30 
MC-424100A8-80 80 

MC-424100A8-10 100 

MC-41256A9-80 256K x 9 (page) 80 A/B 30 
MC-41256A9-10 100 

MC-421000A9-60 1M x 9 (fast-page) 60 A/B 30 
MC-421000A9-70 70 

MC-421000A9-80 80 

MC-421000A9-10 100 

MC-424100A9-70 4M x 9 (fast-page) 70 A/B 30 
MC-424100A9-80 80 

MC-424100A9-10 100 

MC-424256A 36-80 256K x 36 (page) 80 B/F 72 
MC-424256A 36-85 85 

MC-424256A 36-10 : 100 

MC-424256A 36BH/FH-70 256K x 36 (fast-page) 70 BH/FH 72 
MC-424256A 36BH/FH-80 80 

MC-424256A 36BH/FH-10 100 

MC-424512A36-80 512K x 36 (page) 80 B/F 72 
MC-424512A36-85 85 

MC-424512A36-10 100 

MC-424512A36BH/FH-70 512K x 36 (fast-page) 70 BH/FH 72 
MC-424512A36BH/FH-80 80 

MC-424512A36BH/FH-10 100 

MC-421000A36BH/FH-70 1M x 36 (fast-page) 70 BH/FH 72 
MC-421000A36BH/FH-80 80 

MC-421000A36BH/FH-10 100 

MC-422000A 36BH/FH-70 2M x 36 (fast-page) 70 BH/FH 72 
MC-422000A36BH/FH-80 80 

MC-422000A36BH/FH-10 100 

Notes: 


(1) A = leaded SIMM; B = socket-mountable SIMM; BH = special- 
height, socket-mountable SIMM; F = socket-mountable SIMM 
with gold-plated contacts; FH = special-height, socket- 
mountable SIMM with gold-plated contacts. 
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Device Organization Access Time (ns) Package (Note 1) Pins 
uUPD41256-80 256K x 1 (page) 80 C/L C= 16 
uUPD41256-10 100 L= 18 
LPD41 464-80 64K x 4 80 C/L/V C= 18 
uPD41 464-10 100 L= 18 
UPD41 464-12 120 V = 20 
uPD421000 -60 1M x 1 (fast-page) 60 C/LA/V C= 18 
puPD421000-70 70 LA = 26/20 
pPD421000-80 80 V = 20 
uPD421000-10 100 

yPD421001 -60 1Mx 1 (nibble) 60 C/LA/V C= 18 
pPD421001 -70 70 LA = 26/20 
HPD421001 -80 80 V = 20 
LPD421001-10 100 

uUPD421002-60 1M x 1 (static-column) 60 C/LA/V C= 18 
UPD421002-70° 70 LA = 26/20 
UPD421002-80 80 V = 20 
UPD421002-10 100 

uUPD424256-60 256K x 4 (fast-page) 60 C/LA/V C= 20 
UPD424256-70 70 LA = 26/20 
UPD424256-80 80 V = 20 
UPD424256-10 100 

uPD424258-60 256K x 4 (static-column) 60 C/LA/V C= 20 
uUPD424258-70 70 LA = 26/20 
uPD424258-80 80 V= 20 
uUPD424258-10 100 

uUPD424266-60 256K x 4 (fast-page, write-per-bit) 60 C/LA/V C = 20 
uPD424266-70 70 LA = 26/20 
UPD424266-80 | 80 V = 20 
UPD424266-10 100 

UPD424268-60 256K x 4 (static-column, write-per-bit) 60 C/LA/V C = 20 
uUPD424268-70 70 LA = 26/20 
UPD424268-80 80 = 20 
uUPD424268-10 100 

UPD424100-70 4M x 1 (fast-page) 70 LB/V (Note 2) V = 20 
UPD424100 -80 80 LB = 26/20 
uPD424100-10 100 

uPD424101 -70 4M x 1 (nibble) 70 LB/V (Note 2) V= 20 
uUPD424101 -80 80 LB = 26/20 
uPD424101-10 100 

uUPD424102-70 4M x 1 (static-column) 70 LB/V (Note 2) V = 20 
UPD424102-80 80 LB = 26/20 
uUPD424102-10 100 

uUPD424400-70 1M x 4 (fast-page) 70 LB/V (Note 2) V= 20 
uPD424400-80 : 80 LB = 26/20 
uPD424400-10 400 

uUPD424402-70 1M x 4 (static-column) 70 LB/V (Note 2) V = 20 
HPD424402-80 80 LB = 26/20 
uPD424402-10 100 

uPD424410-70 1M x 4 (fast-page, write-per-bit) 70 LB/V (Note 2) . V = 20 
uUPD424410-80 80 LB = 26/20 
uUPD424410-10 100 

uPD424412-70 1M x 4 (static-column, write-per-bit) 70 LB/V (Note 2) V= 20 
uPD424412-80 80 LB = 26/20 
UPD424412-10 100 
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NEC 





Dynamic RAMs (cont) 


Device Organization Access Time (ns) 


uPD424800-70 512K x 8 (fast-page) 70 
UPD424800-80 80 
UPD424800 -10 100 
Notes: 
(1) C = plastic DIP; L = PLCC; LA, LB or LE = plastic SOU; 

V = plastic ZIP. 


(2) A 300-mil SOJ package will be available in 1990. Ordering 
information was not defined at the time this 1991 edition was 
released for printing. 


Static RAMs 


Device Organization Access Time (ns) 
uPD46710-15 16K x 10x2 15 
puPD46710-20 20 
uPD46741 -15 8K x 20x2 15 
UPD46741 -20 s 20. 
LPD4361-40 64K x 1 40 
uPD4361-45 45 
uUPD4361-55 55 
uPD4361-70 70 
uPD4362-45 16K x 4 (CS only) 45 
uPD4362-55 55 
UPD4362-70 70 
UPD4363-45 16K x 4 (CS, OE) 45 
UPD4363-55 55 
uPD4363-70 70 
UPD43251-35 256K x 1 35 
UPD43251-45 45 
PD43251-55 55 
uPD46251-20 256K x 1 20 
uPD46251 -25 25 
HPD43254-35 64K x 4 35 
uPD43254-45 45 
uUPD43254-55 55 
UPD43256A-85 32K x 8 85 
UPD43256A-10 100 
UPD43256A-12 120 
UPD43256A-15 150 
LPD43256B-55 32K x 8 55 
uPD43256B-70 70 
HPD43256B-85 85 
HPD43258-35 — 32K x 8 35 
pPD43258-45 45 
uPD431000-85 128K x 8 85 
uPD431000-10 100 
uPD431000-12 120 
uLPD431000A-70 128K x 8 70 
UPD431000A-85 85 
puPD431001 -25. 1M x 1 25 
uPD431001-35 35 
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Package (Note 1) 


LE/V 


Package (Note 1) 


LN 
LP 


K 
C/K/LA 
C/K/LA 


C/LA 


CR/LA 


C/GU/GX 


C/GU/GX 


CR/LA 


CZ/GW 


CZ/GW/GZ 


LE 


Pins - 
28 


Pins 
52 


68 


22 


22 


24 


24 


24 


24 


C= 28 
GU = 28 
GX = 32 


C= 28 
GU = 28 
GX = 32 


28 


82 


32 


28 
ECL RAMs 


N. i x C General Information 


Static RAMs (cont) 


Device Organization Access Time (ns) Package (Note 1) Pins 
uPD431004-25 256K x 4 25 LE 28 
uUPD431004-35 35 

Notes: 





(1) C, CR or CZ = plastic DIP; GU or GW = plastic miniflat; 
GX or GZ = plastic TSOP; K = ceramic LCC; 
LA or LE = plastic SOJ; LN or LP = PLCC. 


ECL RAMs 

Device Organization Access Time (ns) Package (Note 1) Pins 
HPB10422-7 256 x 4 7 D 24 
UPB10422-10 10 

HPB10470-10 4Kx1 10 D 18 
HPB10470-15 15 

UPB10474-8 1Kx4 8 D 24 
UPB10474-10 10 

UPB10474-15 15 

UPB10474A-5 1K x4 5 D 24 
UPB10474A-6 6 

uUPB10474E-3 1Kx4 3 D 24 
pPB10474E-4 4 

UPB10480-10 16K x 1 10 B/D 20 
UPB10480-15 15 

UPB10484-10 4K x 4 10 B/D 28 
UPB10484-15 15 

UPB10484A-5 4K x 4 5 B/D 28 
LPB10484A-7 7 

HPB10A484-5 4K x 4 5 BH/D 28 
uUPB10A484-7 7 

HPD10500-15 256K x 1 15 D 24 
uUPD10500-20 20 

uPD10504-15 64K x 4 15 D 32 
UPB100422-7 256 x 4 7 B/DH 24 
puPB100422-10 10 

}HPB100470 -10 4K x 1 10 D 18 
HPB100470-15 15 

UPB100474-4.5 1Kx4 4.5 K 24 
UPB100474-6 6 B/K 

UPB100474-8 8 B/D 

UPB100474-10 10 B/D 

pPB100474-15 15 B/D 

UPB100474A-5 1Kx4 5 BH/D 24 
HPB100474A-6 6 

UPB100474E-3 1Kx4 3 B/D 24 
pUPB100474E-4 4 

UPB100480-10 16K x 1 10 B/D 20 
pPB100480-15 16 

uPB100484-10 4Kx 4 10 B/D 28 
UPB100484-15 15 
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General Information 


ECL RAMs (cont) 


Device 


pPB100484A-5 
HPB100484A-7 


MPB100A484-5 
UPB100A484-7 


uPD100500-15 
UPD100500-20 


p~PD100504-15 


Notes: 


Organization 
4K x4 


4K x 4 


256K x 1 


64K x 4 


Access Time (ns) 


5 
7 


5 
7 


15 
20 


15 


(1) Bor BH = ceramic flatpack; Dor DH = ceramic DIP and cerdip; 


K = ceramic LCC. 


EPROMsS 


Device 


yPD27HC65-25 
uPD27HC65-35 
HPD27HC65-45 


uUPD27C1000A-12 
HPD27C1000A-15 


pPD27C1000A-20 


pPD27C1001A-12 
uPD27C1001A-15 
uPD27C1001A-20 


uUPD27C01024A-12 
UPD27C1024A-15 
puPD27C1024A-20 


uPD27C2001-15 
yPD27C2001-17 
yPD27C2001-20 


pPD27C4001-15 
uPD27C4001-17 
uPD27C4001-20 


Notes: 


(1) D, DX or DZ = ceramic DIP with quartz window. 


Organization 
8Kx 8 


128K x 8 (ROM Comp.) 


128K x 8 (JEDEC) 


64K x 16 


256K x 8 


512K x & 


Access Time (ns) 


Package (Note 1) 
B/D 


B/D 
D 


D 


Package (Note 1) 
DX 


DZ 


NEC 


Pins 
28 


28 
24 


32 


Pins 
24 


32 
32 
40 
32 


32 


N: KE Cc General Information 














EEPROMs 

Device Organization Access Time (ns) Package (Note 1) Pins 
UPD28C04-20 512x8 200 C/G 24 
uPD28C04-25 250 

UPD28C05-20 ; 512 x 8 200 C/G 24 
UPD28C05-25 250 

UPD28C64-20 8Kx 8 200 Cc 28 
UPD28C64-25 250 

uUPD28C 256-20 32K x 8 200 CZ 28 
UPD28C 256-25 250 

Notes: 


(1) © or CZ = plastic DIP; G = plastic miniflat. 


Mask-Programmable ROMs 





Device Organization Access Time (ns) Package (Note 1) Pins 
LPD23C1000A 128K x 8 (CE) 200 C/G 28 
pPD23C1000EA 128K x 8 (CE/OE) 200 Cc 32 
UPD23C1001E 128K x 8 200 Cc 32 
UPD23C1010A 128K x 8 (OE) 200 Cc 28 
UPD23C1024E 64K x 16 200 Cc 40 
uPD23C2000~ 128K x 16 or 256K x 8 250 c/Gc 40/52 
UPD23C2000A 128K x 16 or 256K x 8 200 Cc 40 
uPD23C2001 256K x 8 250 Cc 32 
uPD23C4000 256K x 16 or 512K x 8 250 C/GF 40/64 
UPD23C4000A 256K x 16 or 512K x 8 200 Cc 40 
UPD23C4001E 512K x 8 250 C/GW 32 
HPD23C8000 512K x 16 or IMx 8 250 CZ 42 
uUPD23C8001E IMx8 250 CZ 32 
uUPD23016000 1M x 16 or 2Mx8 250 CZ 42 
Notes: 


(1) C or CZ = plastic DIP; G or GW = plastic miniflat; 
GC or GF = plastic QFP. 
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on 


General Information 


Alternate Source Index 





AND NEC 
AN27C010 yPD27C1001A 
AN27C020 pPD27C2001 
AM27C1024 uPD27C1024 
uPD27C49 yPD27HC65 
uPD27549 uPD27HC65 
AN2864A uPD28C64 
AM9864 uPD28C64 
AN99C164 pPD4362 
AN99C328 HPD43256A 
AM99C641 uPD4361 
ATMEL NEC 
AT27C010 pPD27C1001A 
AT27C1024 yPD27C1024A 
AT27HC641/2 pPD27HC65 
AT28C04 HPD28C04 
AT28C256 yPD28C256 
AT28C64 yPD28C64 
CATALYST NEC 
CAT27HCO10 pPD27C1001A 
CAT27C210 HPD27C1024A 
CAT28C64A yPD28C64 
CAT28C256 uPD28C256 
CYPRESS NEC 
CY100E474L pPB100474 
CY10E474L yPB10474 
CY7C164 uPD4362 
CY7C187 uPD4361 
CY7C194 uPD43254 
CY7C198 pPD43256A 
CYC261 pPD27HC65 
CYC263 uPD27HC65 
CYC264 yPD27HC65 
DENSE-PAC NEC 
DPV27C1024A UPD27C1024A 
EXEL NEC | 
XLS2864A uPD28C64 
XL28C64 uPD28C64 
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FUJITSU 


MB61461 
MB81256 
MB81 4100 
MB81 C4256 
MB814400 
MB81464 
MB81C1000 
MB81C1001 
MB81C1002 


MB81 C4251 
MB81C4253 


MB81C71 
MB81C74 
MB8184 
MB82B001 
MB82B005 
MB82B81 
MB84256 


MB831000 
MB831124 


MB85225 
MB85225 
MB85227 
MB85227 
MB85230 
MB85231 
MB85235 
MB85327 


MBM 100422 
MBM100470 
MBM100474 
MBM100480 
MBM100484 
MBM100484 
MBM100C500 


MBM10422 
MBM10470 
MBM10474 
MBM10484 
MBM10C 500 


MBM27C1000 
MBM27C1001 
MBM27C1024 


MBM28C64 
MB7143 
MB7144E 
MB7144H 





NEC 


uPD41264 
uPD41256 
uPD424100 
uPD424256 
yPD424400 
yPD41464 
uPD421000 
uPD421001 
uPD421002 


yPD42273 
uPD42274 


yPD4361 
uPD4362 
yPD43254 
uPD431001 
uPD431004 
yPD46251 
uPD43256A 


pPD23C1000A 
uUPD23C1000A 


MC-41256A8 
MC-41256A8 
MC-41256A9 
MC-41256A9 
MC-421000A8 
MC-421000B8 
MC-421000A9 
MC-421000C9 


uPB100422 
uPB100470 
pPB100474 
UPB100480 
uPB100484 
uPB100484A 
uPD100500 


uPB10422 
HPB10470 
uPB10474 
UPB10484A 
uPD10500 


pPD27C1000A 
uPD27C1001A 
uPD27C1024A 


pPD28C64 

uPD27HCES 
uPD27HCE6S 
uPD27HCES 


Gl 
27HC641 - 


HARRIS 


HM-76641 
HM-76641A 


HITACHI 


HB561003 
HBS56A18 
HB56A19 
HB56A42 
HB56A49 
HB56C18 
HB56D136 
HB56D236 
HB56D25636 
HB56D51236 
HB58A19- 


HM100422 
HM100470 
HM100474 
HM100500 
HM100504 
HM10422 
HM10470 
HM10474 
HM10500 
HM10504 


HMS50256 
HMS50464 
HM511000 
HM511001 
HM511002 
HM514100 
HM514101 
HM514256 
HM514400 
HM514410 


HM534251 
HM534253 
HM53461 


HM6208 
HM62256 
HM624256 
HM628128 
HM6287 
HM658128 


NEC 


NEC 
uPD27HCE6S 


NEC 


uPD27HCE5 
uPD27HC65 


NEC 


MC-41256A9 
MC-421000A8 
MC-421000A9 
MC-424100A8 

~ MC-424100A9 
MC-421000C8 
MC-421000A36BH 
MC-422000A36BH 
MC-424256A36BH 
MC-424512A36BH 
MC-421000A9 


uPB100422 
HPB100470 
uPB100474 
uPD100500 
uPD100504 
uPB10422 
uPB10470 
uPB10474 
yPD10500 
uPD10504 


pPD41256 
uPD41464 

uPD421000 
uPD421001 
uPD421002 
uPD424100 
uPD424101 

yPD424256 
uPD424400 
uPD424410 


uPD42273 
uPD42274 
yPD41264 


yPD43254 
UPD43256A 
uPD431004 
uPD431000 
uPD4361 

pPD431000 


NEC 


General Information 





Alternate Source Index (cont) 





HITACHI NEC 
HN27301 HPD27C1000A 
HN27C101 uPD27C1001A 
HN27C1024 | pPD27C1024A 
HN27C256 uPD27C256A 
HNS58C256 uPD28C256 
HNS8C65 uPD28C64 
HNS8064 uPD28C64 
HNS8C66 uPD28c64 
HN62301 HPD23C1000A 
HYUNDAI NEC 
HY62C64 uPD28c64 
ICT NEC 
270X641 uPD27HCE65 
270X642 uPD27HC65 
IDT NEC 

IDT6167 uPD4311 
IDT71256 uPD43256A 
IDT71258 yPD43254 
IDT7187 yPD4361 
IDT7188 uPD4362 
IDT7M7864 uPD28c6e4 
IDT78C64A uPD28C64 
INMOS NEC 
IMS1600 yPD4361 
IMS1620 uPD4362 
IMS1630 uPD4364 
IMS1820 uPD43254 
IMS1830 uPD43256A 
INTEL NEC 

270010 HPD27C1001A 
270020 yPD27C2001 
270210 pPD27C1024A 
270256 uPD27C256A 
2864A uPD28ce4 
MT5C1001 yPD431001 
MT5C1005 uPD431004 
LATTICE NEC 
SR256K4 yPD43254 
SR256K8 uPD43256A 
SR64K1 uPD4361 
SR64K4 uPD4362 








MICROCHIP NEC 

28C04A uPD28C04 
28C64A uPD28C64 
28CP256A uPD28C256 
28C256B uPD28C256 
MICRON NEC 
MT4C1004 uPD424100 . 
MT4C 4001 uPD424400 
MT8C8024 MC-421000A8 
MTsc-9024 MC-421000A9 
MITSUBISHI NEC 
M5M27C101K UPD27C1001A 
M5M27C201K uPD27C2001 
M5M28C64 uPD28C64 
M5M4256 uPD41256 
M5M44100 yPD424100 
M5M44101 pPD424101 
M5M44102 pPD424102 
M5M4C264 uPD41264 
M5M442256 yPD42274 
M5M442256 yPD42273 
M5M44400 yPD424400 
M5M44402 uPD424402 
M5M4464 pPD41464 
M5M482128 pPD42275 
M5M4C1000 yPD421000 
M5M4C1001 uPD421001 
M5M4C1002 yPD421002 
M5M4C256 yPD424256 
M5M51001 uPD431001 
M5M51004 uPD431004 
M5M51008 UPD431000A 
M5M5256 uPD43256A 
M5M5258 uPD43254 
MH1MosA MC-421000A8 
MH1Mo9 MC-421000A9 
MH25608J MC-41256A8 
MH25609J MC-41256A9 
MH25636A MC-424256A36BH 
MH51236H MC-424512A36BH 
MOSAIC NEC 
MDM14000 uPD424100 
MDM41000 yPD424400 
MOTOROLA NEC 
MCM100422 pPB100422 
MCM100470 uPB100470 
MCM100474 pPB100474 


MOTOROLA 


MCM10422 
MCM10470 
MCM10474 


MCMS514100 
MCM514400 


MCM6187 
MCM6188 


NATIONAL 


DM100422 
DM100470 
DM100474 
DM10422 
DM10470 
DM10474 


NMC27C010 
NMC27C1024 
NMC98C64 
93Z665C 
93Z667C 


OKI 


MSC2304-KS9 
MSC2304KS8 
MSC2310Y59/KS9 
MSC231148/K58 


MSM27C1000 
MSM27C1024 
MSM27C256 


MSM28C64 


MSM41257 

MSM514100 
MSM514252 
MSM514400 


PANASONIC 


MN41 C4000 
MN41C4001 
MN41 C4002 
MN41C41000 
MN41 041002 


PERFORMANCE 


P4C187 
P4C188 


PHILIPS-SIGNETICS 
27C210 


NEC 


pPB10422 
yPB10470 
yPB10474 


pPD424100 
uPD424400 


yPD4361 
uPD4362 





NEC 


uPB100422 
uPB100470 
yPB100474 
pPB10422 
pPB10470 
yPB10474 


UPD27C1001A 
puPD27C1024A 
uPD28C64 
uPD27HC65 
uPD27HCé5 


NEC 


MC-41256A9 
MC-41256A8 
MC-421000A9 
MC-421000A8 


pPD27C1000 
yPD27C1024 
pPD27C256A 


uUPD28C64 


uPD41257 
uPD424100 
yPD42274 
pPD424400 


NEC 


uPD424100 
uPD424101 

uPD424102 
uPD424400 
uPD424402 


NEC 


uPD4361 
pPD4362 


NEC 
uUPD27C1024A 
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General Information 


Alternate Source Index (cont) 


RAYTHEON 
39VP864 


SHARP 
LH5749 


SIGNETICS 


27HC641 
27HC642 
N&2HS641 
N&2S641 


Ssl 
$$1203 


SAMSUNG 


KM28C 64 
KM28C256 


KM41C04000 
KM41C4001 
KM41C4002 
KM44C1000 


KM611001_ 
KM641001 


SEEQ 
270256 


2804A 
28C 256 
28064 


SGS-THOMPSON 


MK48Z30 


M27C1001 
M2701024 


Notes: 


(1) Electrical differences may exist. Check the manufacturers’ data 


NEC 
uPD27HCE5 


NEC 
uPD27HC65 


NEC 


uPD27HCE65 
uPD27HCES 
uPD27HC65 
uPD27HCE65 


NEC 
uPD27HCE5 


NEC 


yPD28C64 
uPD28C256 


uPD424100 
yPD424101 

uPD424102 
uPD424400 


uPD431001 
pPD431004 


NEC 
uPD27C256A 


yPD28C04 
uPD28c256 
uPD28C64 


NEC 
uPD43256A 


uPD27C1001A 
uPD27C1024A 


sheets for complete information. 


(2) The competitive data contained herein was obtained from indus- 
try and public sources. NEC Electronics is not responsible for 
changes or deletions to this information. 
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SIEMENS NEC 
HYB51 4100 pPD424100 
HYB514400 yPD424400 
HYM910005 MC-421000A9 
HYM940005 MC-424100A9 
Tl NEC 
TMO24GAD9 MC-421000A9 
TMO24GADB MC-421000A8 
TMS27C256 pPD27C256A 
TMS27C010 UPD27C1001A 
TMS27C210 pPD27C1024A 
TMS278C49 pPD27HC6S 
TMS4256 pPD41256 
TMS44100 yPD424100 
TMS$44400 yPD424400 
TMS4461 uPD41264 
TMS4464 pPD41464 
TMS44C251 pPD42273 
TMS44C251 yPD42274 
TMS48C121 yPD42275 
TMS440256 pPD424256 
TMs4C01024 uPD421000 
TMS4C1025 yPD421001 
TMS4C1027 pPD421002 
TMS62456 pPD431004 © 
TMS62828 yPD431000 
TOSHIBA NEC 
TC511000 pPD421000 
TC511001 pPD421001 
TC511002 pPD421002 
TC514100 pPD424100 
TC514101 yPD424101 
TC514102 uPD424102 
TC514256 yPD424256 
TC514400 yPD424400 
TCO514402 pPD424402 
TC514410 pPD424410 
TC518128 HPD431000A 
TC524128A yPD42275 
TC524256 uPD42274 


TOSHIBA 


TC524256A 
TC524258A 


TC531000 
TC55256 
TC55257 
TC55257 
TC55257 
TC55416 
TC55417 
TC55464 
TC5561/62 
TCS561 


TC571000 
TC571001D 
TC571024 
TC58257 


THM362500 
THM365120 
THM81000 
THM81000A 
THM91000 
THM91000 
THM91000A 


TMM41256 
TMM41 464 


WAFERSCALE 


WS27CO010L 
WS27C210L 
WS57C49 
WS57C49B 


XICOR 


X24C04 
X28C 256 
X28C64 


NEC 


NEC 


yPD42273 
uPD42274 


pPD23C1000A 
uPD43256 
pPD43256 
uPD43256A 
uPD43256B 
uPD4362 
uPD4363 
pPD43254 
yPD4361 
uPD4361 


pPD27C1000A 
pPD27C1001A 
uPD27C1024A 
uPD28C256 


MC-424256A36BH 
MC-424512A36BH 
MC-421000A8 
MC-421000A8 
MC-421000A9 
MC-424256A36BH/FH 
MC-421000A9 


uPD41256 
pPD41464 


NEC 


uPD27C1001A 
pPD27C1024A 
uPD27HC65 
uPD27HC65 


NEC 


uPD28c04 
uPD28C256 
uPD28C64 
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Section 2 
Reliability and Quality Control 


Introduction 

Built-In Quality and Reliability 
Technology Description 
Approaches to Total Quality Control 
Implementation of Quality Control 
Reliability Testing 

Life Distribution 

Failure Distribution at NEC 

Infant Mortality Failure Screening 
Long-Term Failure Rate 
Accelerated Reliability Testing 
Failure Rate Calculation/Prediction 
Product/Process Changes 

Failure Analysis 

NEC’s Goals on Failure Rates 
Summary and Conclusion 


Appendix 1. 
Typical QC Flow 


Appendix 2. 
Typical Reliability Assurance Tests 


Appendix 3. 
New Product/Process Change Tests 


Appendix 4. 
Failure Analysis Flowchart 
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introduction 


As large-scale integration reaches a higher level of den- 
‘sity, the reliability of individual devices imposes a more 
profound impact on system reliability. Great emphasis has 
thus been placed on assuring device reliability. 


Conventionally, performing reliability tests and attaining 
feedback from the field were the only methods by which 
reliability had been monitored and measured. At these 
higher levels of LSI density, however, it has become in- 
creasingly difficult to activate all of the internal circuit 
elements in a device, and moreover, to detect the degra- 
dation of those elements by measuring characteristics 
across external terminals. As a result, testing alone may 
not provide enough information to ensure today's de- 
manding reliability requirements. A different philosophy 
and methodology is needed for reliability assurance. 


In order to guarantee and improve a high level of reliability 
for large-scale integrated circuits, it is essential to build 
quality and reliability into the product. Conventional test- 
ing can thenbe performed to confirm that the product dem- 
onstrates acceptable reliability. 


Built-In Quality and Reliability 


NEC has introduced the concept of total quality control 
(TQC) across its entire semiconductor product line for 
implementing this philosophy. Rather than performing 
only a few simple quality inspections, quality control is 
distributed into each process step and then summed to 
form a consolidated system. TQC involves workers, engi- 
neers, quality control staffs, and all levels of manage- 
mentin company-wide activities (figure 1). Through TQC, 
NEC builds quality into the product and thus can assure 
high reliability. Additionally, NEC has introduced a pre- 
screening method into the production line for eliminating 
potentially defective units. This combination of building 
quality in and screening projected early failures out has 
resulted in superior quality and excellent reliability. 


Technology Description 


Most large-scale integrated circuits utilize high density 
MOS technology. State-of-the-art high performance has 
been achieved by improving fine-line generation tech- 
niques. By reducing physical parameters, circuit density 
and performance increase while active circuit power dissi- 
pation decreases. The data presented here shows thatthis 
advanced technology, combined with the practice of TQC, 
yields products as reliable as those from previous tech- 
nologies. 
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Reliability and Quality Control 


Approaches to Total Quality Control 


TQC activities are geared toward total satisfaction of the 
customer. The success of these activities is dependent 
upon the total commitment of management to enhancing 
employee development, maintaining a customer-first atti- 
tude, and fulfilling community responsibilities. 


First, the quality control function is embedded into each 
process. This method enables early detection of possible 
causes of failure and immediate feedback. 


Second, the reliability and quality assurance policy reflects 
the beliefs and practices of the entire organization. This 
enables companywide quality control activities: at NEC, 
everyone is involved with the concept and methodology of 
total quality control. 


Third, there is an ongoing research and development effort 
to set even higher standards of device quality and reliability. 


Fourth, extensive failure analysis is performed periodically 
and appropriate corrective actions are taken as preventa- 
tive measures. Process control is based on statistical data 
gathered from this analysis. 


The new standard is continuously upgraded, and the 
iterative process continues. The goal is to maintain the 
superior product quality and reliability that has become 
synonymous with the NEC name. 


Zero Defect Activities. One of the activities that involves 
every level of the NEC staff in quality control is the Zero 
Defects (ZD) Program. As the name implies, the purpose 
of the ZD program is to minimize if not eradicate defects 
due to controllable causes. Such activities must involve 
each and every worker and can be most effective when 
pursued by groups of workers. The groups of workers are 
organized by consideration of the following: 


* Agroup must have a target to pursue 


© Several groups can be organized to pursue the com- 
mon target 


¢ Each group must have a responsible person 


* Each group is well supported 


The item of the group target is to be selected among items 
relating to specifications, inspections, operation standards, 
and so forth. When data made in the past is available, it is 
used to make a Pareto diagram which is reviewed for 
selection of the item most conducive to quality improvement. 
Records are analyzed and compared with the target, in 
order to compute the numerical equivalents of the defects. 
Action is then taken to contro! these defects as required. 
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Figure 1. Quality Control System Flowchart 
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Statistical Approach. Another approach to quality control 
is the use of statistical analysis. NEC has been utilizing 
statistical analysis at each stage of LSI production devel- 
opment, trial runs, and mass production in order to build 
and maintain product quality. Some of the methods for 
implementing this statistical approach are: 


° Design of experiments 
* Control charts 


* Data analysis: Variance, correlation, regression, 
multivariance, etc. 

Variables and attributes data 
(Normally, study is done ona 
monthly basis) 


* Cp, Cpk study: 


Process control sheets and other QC tools are used to 
monitor various important parameters such as Cp, Cpk, X, 
X, X-R, electrical parameters, pattern dimensions, bond 
strength, test percentage defects, etc. 


The results of these studies are watched by the production 
staff, QC Engineers, and other responsible engineers. If 
any out-of-control or out-of-specification limit is observed, 
quick action is taken in accordance with corrective action 
procedures. 


Implementation of Quality Control 


Building quality into a product requires early detection of 
possible causes of failure at each process step, then 
immediate feedback to remove these causes. A fixed 
station quality inspection is often lacking in immediate 
feedback; it is therefore necessary to distribute quality 
control functions to each process step—including the 
conceptual stage. Following is a breakdown of the signifi- 
cant steps at which NEC has implemented these func- 
tions: 


* Product development 

* Incoming material inspection 

° Wafer processing 

* Chip mounting and packaging 

* Electrical testing and thermal aging 
* Outgoing material inspection 

* Reliability testing 

* Process/product changes 


New Product Development Phase. The product devel- 
opment phase includes conception of a product, review of 
the device proposal, physical element design and organi- 
zation, engineering evaluation, and finally, transfer of the 
product to manufacturing. Quality and reliability are con- 
sidered at every step (figure 2). 
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Figure 2. New Product Development Flow 
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Design. Design plays an extremely important role in 
determining product quality and reliability. NEC believes 
that the foundation of device quality is determined at the 
design stage. The four steps involved in the design of LSI 
devices are circuit design, mask pattern layout, process 
and product manufacturing, and package design. Design 
standards and the standardization of design steps have 
been established to maximize quality and reliability. 


Design Review. After completion of the design, a review 
in which the design is compared with design standards 
and other factors which influence reliability and quality is 
performed. If necessary, modification or redesign is then 
performed. NEC believes that the design review is very 
essential for not only newly designed products but also for 
product modifications. 


Trial Production/Evaluation/Mass Production. When 
the design passes the design review successfully, a trial 
runiscarried out. The trial runis evaluated for the products’ 
characteristics and quality/reliability. 


Thorough evaluation is carried out by generating samples 
in which process conditions—ones that cause character- 
istic factors to change in mass production—are varied 
deliberately. In addition, reliability tests are conducted for 
durability, stress resistance, etc., to ensure sufficient qual- 
ity and reliability. 


If no problems are found at this stage, the product is 
approved, after which mass production is possible. 


Prior to the transfer, the production design department 
prepares a production schedule that includes the reliability 
and quality control steps relating to the production. Even 
after mass production has started, the standards for those 
production and control steps are always reexamined for 
improvements. 


Incoming Material Inspection. NEC has various pro- 
grams to control incoming materials: 


* Vendor/material qualification system 

* Purchasing specifications for materials 

* Incoming materials inspection 

* Inspection data feedback 

* Quality meetings with vendor 

* Vendor audits © 

If any parts or materials are rejected at incoming inspec- 


tion, they are returned to the vendor with a rejection 
notification form which specifies the failure items and 
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modes. The results of these inspections are used to rate 
the vendors for future purchasing. 


In-process Quality Inspections. Typical in-process 
quality inspections done at the wafer fabrication, chip 
mounting and packaging, and device testing stages are 
listed in Appendix 1. 


Electrical Testing and Screening. A flowchart of the 
typical infant mortality screening (when required) and 
electrical testing is depicted in figure 3. 


At the first electrical test, DC parameters are tested ac- 
cording to the electrical specifications on 100% of each lot. 
This is a prescreening prior to any infant mortality test. At 
the second electricaltest, AC functional tests as wellas DC 
parameter tests are performed on 100% of each lot. If the 
percentage of defective units exceeds the limit, the lot is 
subjected to rescreen. During this time, the defective units 
undergo failure analysis, the results of which are fed back 
into the process through corrective actions. 


Figure 3. Electrical Testing and Screening 
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Outgoing Inspection. Prior to warehouse storage, lots 
are subjected to an outgoing inspection according to the 
following sampling plan. 

° Electrical test: DC parametersLTPD 3% 
Functional test LTPD 3% 


Major LTPD 3% 
Minor LTPD 7% 


Reliability Assurance Tests. Samples are continually 
taken prior to shipment and subjected to monitoring relia- 
bility tests. They are taken from similar process groups, so 
it may be assumed that the samples' reliability is represen- 
tative of the reliability of the group. 


* Appearance: 


Reliability Testing 


Reliability is defined as the characteristics of an item 
expressed by the probability that it will perform a required 
function under stated conditions for a stated period of time. 
This involves the concepts of probability, the definition of 
required function(s), and the critical time used in defining 
the reliability. 


Definition of a required function, by implication, treats the 
definition of a failure. Failure is defined as the termination 
of the ability of a device to perform its required function. A 
device is said to have failed if it shows the inability to 
perform within guaranteed parameters as given in an 
electrical specification. 


Discussion of reliability and failure can be approached in 
two ways: with respect to systems or to individual devices. 
Important considerations are the constant failure period, 
the early failure (infant mortality) period, and overall relia- 
bility level. 


With regard to individual devices, areas of prime interest 
include specific failure mechanisms, failures in acceler- 
ated tests, and failures in screening tests. 


The accumulation of normal device failure rates constitutes 
the expected failure rate of the system hardware: the 
probability that no device failures will occur in a system is 
the product of each device's probability that it will not fail. 
The failure rate of system hardware is then the sum of the 
failure rates of the components used to construct the 
system. 


Life Distribution 


The fundamental principles of reliability engineering pre- 
dict that the failure rate of a group of devices will follow the 
well-known bathtub curve in Figure 4. The curve is divided 
into three regions: infant mortality, random failures, and 
wearout failures. 


Figure 4. Reliability Life (Bathtub) Curve 
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Infant mortality, as the name implies, represents the early- 
life failures of devices. These failures are usually associ- 
ated with one or more manufacturing defects. 


After some period of time, the failure rate reaches a low 
value. This is the random failure portion of the curve, 
representing the useful portion of the life of a device. 
During this random failure period, there is a decline in the 
failure rate due to the depletion of potential random failures 
from the general population. 


The wearout failures occur at the end of the device's useful 
life. They are characterized by a rapidly rising failure rate 
over time as devices wear out both physically and electri- 
Cally. 


Thus, for a device that has a very long life expectancy 
compared to the system which contains it, the areas of 
concern will be the infant mortality and the random failure 
portions of the bathtub curve. 


Failure Distribution at NEC 


In an effort to eliminate infant mortality failures, NEC 
subjects its products to production burn-in whenever nec- 
essary. This burn-in is performed at an elevated tempera- 
ture for 100 percent of the lots involved and is designed to 
remove the potentially defective units. 


To study the random failure population, integrated circuits 
returned to NEC from the field undergo extensive failure 
analysis at respective NEC Manufacturing Divisions. Fail- 
ure mechanisms are identified and data fed back to cogni- 
zant Production and Engineering groups. . 


This data coupled with in-line datais thenused to introduce 
corrective actions and quality improvement measures. 
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After elimination of early device failures, a system will be 
left to the random failure rate of its components. Thus, in 
order to make proper projections of the failure rate of the 
system in the operating environment, failure rates must be 
predicted for the system's components. 


Infant Mortality Failure Screening 


Establishing infant mortality screening requires knowl- 
edge of the likely failure mechanisms and their associated 
activation energies. The most likely problems associated 
with infant mortality failures are generally manufacturing 
defects and process anomalies. These defects and anoma- 
lies generally consist of contamination, cracked chips, 
wire bond shorts, or bad wire bonds. Since these describe 
anumber of possible mechanisms, any one of which might 
predominate at a given time, the activation energy for 
infant mortality varies considerably. 


Correspondingly, the effectiveness of a screening condi- 
tion—preferably at some stress level in order to shorten 
the screening time—varies greatly with the failure mecha- 
nism. For example, failures due to ionic contamination 
have an activation energy of approximately 1.0 eV. There- 
fore, a 15-hour stress at 125°C junction temperature would 
be the equivalent of approximately 314 days of operation 
at a junction temperature of 55°C. On the other hand, 
failures due to oxide defects have an activation energy of 
approximately 0.3 eV, and a 15-hour stress at 125°C 
junction temperature would be the equivalent of approxi- 
mately four days’ operation at 55°C junction temperature. 
As indicated by this situation, the conditions and duration 
of infant mortality screening must be strongly dependent 
onthe allowable component, hence system, failures in the 
field, as well as the economic factors involved. 


Empirical data gathered at NEC indicates that early fail- 
ures (if any) occur after less than 4 hours of stress at 125°C 
ambient temperature. This fact is supported by the bathtub 
curve created from the life test results of the same lots, 
where the failure rate shows a random distribution as op- 
posed to a decreasing failure rate that runs into the random 
failure region. , 


Whenever necessary, NEC has adopted this initial infant 
mortality burn-in at 125°C as a standard production screen- 
ing procedure. As a result, the field reliability of NEC 
devices is an order of magnitude higher than the goal set 
for NEC's integrated circuit products.. 


NEC believes itis imperative that failure modes associated 
withinfant mortality screens be understood and fixed at the 
manufacturing level. If such failures can be minimized or 
eliminated, andcountermeasures appropriately monitored, 
then such screens can be eliminated. . 
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Long-Term Failure Rate 


NEC's long-term failure rate goal, based on the mask and 
process design, is confirmed by life testing using the 
following conditions: 


* Aminimum of 1.2 million device hours (= sample size x 
test period) at 125°C should be accumulated to obtain 
the accuracy necessary for predicting a failure rate of 
0.02% per 1000 hours at 55°C with a 60% confidence 
level. 


* A minimumof3 milliondevice hours at 125°C should be 
accumulated to obtain the accuracy necessary for 
predicting a failure rate of 0.01% per 1000 hours at 55°C 
with a 60% confidence level. 


Accelerated Reliability Testing 


NEC performs extensive reliability testing both at pre- 
production and post-production levels to insure that its 
products meet the minimum expectations set by NEC. 
Accelerated reliability testing results are then used to 
quantitatively monitor the reliability. 


Asanexample, assume that an electronic system contains 
1000 integrated circuits and can tolerate 1 percent system 
failures per month. The failure rate per component is: 


= .0014 % Failures 


1000 Hrs 
or 14 FITs 


To demonstrate this failure rate, note that 14 FITs corre- 
spond to one failure in about 85 devices during an operat- 
ing test of 10,000 hours. It is quickly apparent that a test 
condition is required to accelerate the time-to-failure in a 
predictable and understandable way. The implicit require- 
ment for the accelerated stress testis that the relationship 
between the accelerated stress testing condition and the 
condition of actual use be known. 


1% Failures 
720 Hours x 1000 Pcs. 


A most common time-to-failure relationship involves the 
effect of temperature, which accelerates many physio- 
chemical reactions which may lead to device failure. Other 
environmental conditions are voltage, current, humidity, 
vibration, or some combination of these. Appendix 2 lists 
typical reliability assurance tests performed at NEC for 
molded integrated circuits. Figure 5 shows the results of 
some of these tests for various process types. 


High-Temperature Operating/Bias Life Test (HTOL/ 
HTB). This test is used to accelerate failure mechanisms 
by operating devices at an elevated temperature of 125°C. 
The data obtained is translated to a lower temperature by 
using the Arrhenius relationship. 


NEC 


Figure 5. Typical Reliability Test Results 


HTB TH PCT Tc 
Micro:' 
NMOS 719113 15/9315 0/11752 — 
(15 FIT) 
CMOS 3/11892 2/7293 8/9476 _ 
(5.4 FIT) 
Memory: [HTOL] 
DRAN? 10/10052 0/9958 0/5880 1/2995 
(19 FIT) 
SRAN® 1/10421 2/8142 0/8768 _ 
1 MEG DRAM‘ 38/14300 0/3634 1/3060 1/1780 
(115 FIT) 
ASICS 
CMOS 2/3506 1/1114 1/4764 4/2680 
(33 FIT) 
ECL 0/1080 _ _ 0/144 
(8.4 FIT) 
BiCMOS 1/895 0/1073 0/935 0/1781 
(18 FIT) 


Information has been extracted from NEC Report Numbers: 


1 TRQ-89-05-0030 2 TRQ-89-01-0021 
3 TRQ-88-09-0008 “TRQ-89-01-0020 
> TRQ-89-04-0025 


High-Temperature and High-Humidity Test. Semicon- 
ductor integrated circuits are highly sensitive to the effect 
of humidity causing electrolytic corrosion between biased 
lines. The high-temperature and high-humidity test is per- 
formed to detect failure mechanisms that are accelerated 
by these conditions, such as leakage-related problems 
and drifts in device parameters due to process instability. 


High-Temperature Storage Test. Another common test 
is the high-temperature storage test, in which devices are 
subjected to elevated temperatures with no applied bias. 
This test is used to detect process instability and stress 
migration problems. 


Environmental Tests. Other environmental tests are per- 
formed to detect problems related to the package, mate- 
rial, susceptibility to extremes in environment, and prob- 
lems related to usage of the devices. 


Failure Rate Caiculation/Prediction 


When predicting the failure rate at a certain temperature 
from accelerated life test data, the activation energies of 
the failure mechanisms involved should be considered. 
This is done whenever the exact cause of failures is known 
through failure analyses results. 
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In some cases, an average activation energy is assumed 
in order to accomplish a quick first order approximation. 
NEC assumes an average activation energy of 0.7 eV for 
such approximations. This average value has been as- 
sessed from extensive reliability test results and yields a 
conservative failure rate. 


Since most semiconductor failures are temperature de- 
pendent, the Arrhenius relationship is used to normalize 
failure rate predictions at a system operation temperature 
of 55°C. It assumes that temperature dependence is an 
exponential function that defines the probability of occur- 
rence, and that the degradation of a performance parame- 
ter is linear with time. The Arrhenius model includes the 
effects of temperature and activation energies of the 
failure mechanisms in the following Arrhenius equation: 

A = exp -E, (T,,-T. 


1 2) 


K(T,,) (Ty, ) 


A = Acceleration factor 
E, = Activation energy 
T,, = Junction temperature (in K) 
at T,, = 55°C 
T,, = Junction temperature (in K) 
at T,, = 125°C 
k = Boltzmann's constant 
= 8.62 x 10° eV/K. 


Because the thermal resistance and power dissipation of 
a particular device type cannot be ignored, junction 
temperatures (T,, and T,,) are used instead of ambient 
temperatures (T,, and T,,). We calculate junction 
temperatures using the following formula: 


T, =T, + (Thermal Resistance) (Power Diss. at T,) 


In order to estimate long term failure rate, the acceleration 
factor must be used to determine the simulated test time. 
From the high temperature operating life test results, 
failure rates can then be predicted at a 60% confidence 
level using the following equation: 





_ x 105 
ae 21 
Where: 
L = Failure rate in %/1000 hours 
*y? = The tabular value of chi-squared distribution at a 
given confidence level and calculated degrees of 
freedom (2f + 2, where f = number of failures) 
T = #of equivalent device hours 


(# of devices) x (# of test hours) 
x (acceleration factor) 
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*Since the failures of concern here are the random, not the 
infant mortality failures [that is, the end of the downward 
slope and the middle (constant) section of the bathtub 
curve in Figure 4], x? is determined assuming a one-sided, 
fixed time test. 


Another method of expressing failures is in FITs (failures 
intime). One FIT is equal to one failure in 10° hours. Since 
Lis already expressed as %/1000 hours (10-5 failure/nr), 
an easy conversion from %/1000 hours to FIT would be to 
multiply the value of L by 104. 


EXAMPLE: A sample of 960 pieces was subjected to 
1000 hours 125°C burn-in. One reject was observed. 
Given that the acceleration factor was calculated to be 
34.6 using the Arrhenius equation, what is the failure rate 
normalized to 55°C using a confidence level of 60%? 
Express the failure rate in FIT: 


Solution: 
Forn=2f+2=2(1)+2=4, x? = 4.046. 


2405 
ThenL = 
= 





(%/1000 hour) 


es x210® (%/1000 hr) . 
2 (# of dev.) (# of test hrs.) (accl. factor). 


= (960) (1000) (34.6) ~ 2-006 (76/1000 hr) 


Therefore, FIT = 0.0061 ¢ (10%) = 61 


Figure 6. NEC Quality and Reliability Targets 


Reject Rate at Customer's 
Incoming Electrical Inspection (PPM) 
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Product/Process Changes 


As mentioned previously, a design review is performed for 
product modifications or changes. Once the design is 
approved and processes altered (if necessary) for maxi- 
mum quality, the device goes through qualification testing 
to check the reliability. If the test results are acceptable, 
the product is released for mass production. 


Testing is also performed when only a process modifica- 
tion or change is made. 


The typical qualification/process change tests are listed in 
Appendix 3. 


Failure Analysis 


At NEC, failure analysis is performed not only on field fail- 
ures, but also routinely on products which exhibit defects 
during the production process. This datais closely checked 
for correlation with the production process quality informa- 
tion, inspection results, and reliability test data. Informa- 
tion derived from these failure analyses is used to improve 
product quality. 


As there are a lot of failure mechanisms of LSI devices, 
highly advanced analytical technologies are required to 
investigate such failures in detail. The standard failure 
analysis flowchart relating to the returned products from 
customers is shown in Appendix 4. 


NEC's Goals on Failure Rates 


The reject rate at customer's. incoming inspection, the 
infant mortality rate, and the long term reliability, are all 
monitored and checked against NEC's quality and reliability 
targets (listed in Figure 6). 


Long Term Retiabitity (FIT) Infant Mortality (FIT) 


Gate Arrays pCOM Gate Arrays 


BiCMOS 


NEC 


Summary and Conclusion 


As has been discussed, building quality and reliability into 
products is the most efficient way to ensure product 
success. NEC's approach of distributing quality control 
functions to process steps and then forming a total quality 
control system has produced superior quality and excel- 
lent reliability. 


Prescreening, whenever necessary, has been a major 
factor in improving reliability. In addition, monthly reliabil- 
ity assurance tests have ensured high outgoing quality 
levels. 
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The combination of building quality into products, effective 
prescreening of potential failures, and monitoring of relia- 
bility through extensive testing has established a singu- 
larly high standard of quality and reliability for NEC's large- 
scale integrated circuits. 


Through a companywide quality control program, continu- 
ous research and development activities, extensive failure 
analysis, and process improvements, this higher standard 
of quality and reliability will continuously be set and main- 
tained. 
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Typical QC Flow for CMOS Fabrication 








FLOW 


WAFER FABRICATION PROCESS QC FLOW (CMOS) 
PROCESS STEP IN-PROCESS INSPECTION/QUALITY MONITOR 
Sillcon Wafer 


Incoming Resistivity (sampling by lot) 
- Inspection Dimension (sampilng by lot) 
Visual (sampling by lot) 
Well 
Formation 
Oxidation Oxide Thickness (sampling by fot) 
Photo Lithography Alignment and Etching Accuracy (sampling by lot) 
lon Implantation Layer Resistance (sampling by day) 
Fleld 
Formation 
Deposition Deposit Thickness (sampling by lot) 
Photo Lithography Allgnment and Etching Accuracy (sampllng by lot) 
Oxidation Oxide Thickness (sampling by lot) 
Channel Stopper 
Formation 
Photo Lithography Allgnment and Etching Accuracy (sampling by lot) 
lon Implantation Layer Resistance (sampling by !ot) 
Oxidation Oxide Thickness (sampling by lot) 
Gate 
Formation 
Deposition Deposit Thickness (sampllng by lot) 
Doping Layer Resistance (sampling by lot) 
Photo Lithography Allgnment and Etching Accuracy (sampling by lot) 


Gate Electrode Width (sampling by lot) 


p/n SD Formation 


Photo Lithography Alignment and Etching Accuracy (sampling by lot) 
lon Implantation Layer Resistance (sampling by lot) 
Anneal 
Contact 
Hole 
Deposition Deposit Thickness (sampling by lot) 
Photo Lithography Alignment and Etching Accuracy (sampling by lot) 
Metallization 
Metal Deposition Metal Thickness (sampling by run) 
Photo Lithography Alignment and Etching Accuracy (sampling by lot) 
Alloy Parametric Test (sampling by !ot) 


Passivation 


Deposition Deposit Thickness (sampling by lot) 
Photo Lithography Alignment and Etching Accuracy (sampling by lot) 





Wafer Sort 


Contact Hole and Metallization Steps are Repeated Twice 
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Appendix 1 
Typical QC Flow for PLCC Assembly/Test 


The Check of Manufacturing Conditions The Check of Manufacturing Qualities 
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Bonding Visual 
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Every 
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Wire Bonding Temperature Thermocouple Wire Pull Every Tension Operator 
and Test Shift Gauge 
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Pre-Seal Visual 
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P.C 
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Temperature 
of Pellet, 
Expiration Date 


Thermocouple 











Molding Compound 





Molding 





Temperature | Every Shift 
Profile of 
Die Set 


Preheat 
Temperature 





Thermocouple, 
Potentiometer 



















Pressure 







Mold Aging 





Deflashing Defiashing Indicators 


Conditions 
Concentration |Every Week 
Density 


Water Jet 
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Titration 
Every Week| Density Meter 

















Every Day 
Every Day 
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Plating 
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Concentration {Every Week 






Plating 








Titration 
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Appendix 1 
Typical QC Flow for PLCC Assembly/Test (Cont.) 


The Check of Manufacturing Conditions The Check of Manufacturing Qualities 


Check Checked Check Checked 
Frequ 
Pe ced il 
Visual Every Lot | (Naked Eye) | Technician 

Plating 

Thickness Every Lot 

Composition } Every Lot Technician 
* Solderability | Once/Day | (Naked Eye) | Technician 
i“ _ 


Temperature Every Thermocouple Marking Twice/Shift | Automatic eee 
Shift Permanency Tester 


Every Shift Test Jig. Operator Visual Every Lot | (Naked Eye) Easel 
(Before Caliper 
Running) 


Visual Every Lot Magnifying { Operator 
Lamp 


Every Day -M. Jig. Operator 
Before Operator | Electrical 100% IC Tester Operator 
Testing Characteristics 
Burn-in Every Indicator 
Conditions Batch 


100% Operator 


IC Tester 




















Process/Materlals 
















Plating inspection 














Technician 



























Marking Ink Marking 


Conditions 





Marking 


Mark Cure 





Lead Forming 









Final Assembly Inspection 











1st Electrical Sorting 








Burn-In (Whenever Necessary) 





and Electrical Sorting Electrical 


Characteristics 








Rellabllity Assurance Test 













Electrical 
Characteristics 


Visual (Major) 










Every Day 
Before 


Every Lot Inspector 












Every Lot | (Naked Eye)’ 
and 
Microscope 


(Naked Eye) 


Inspector 







In-Warehouse Inspection 












Visual (Minor) | Every Lot inspector 


Warehousing 
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Appendix 2 
Typical Reliability Assurance Tests 


The life tests performed by NEC consistof high temperature 
operating/bias life (HTOL/HTB), high temperature storage 
life (HTSL), high temperature/high humidity (T/H), and 
high humidity storage life (HHSL) tests. Additionally, various 


Reliability and Quality Control 


environmental and mechanical tests are performed. The 
table below shows the conditions of the various life tests, 
environmental tests, and mechanical tests. 


Temperature Cycling TiC 1010 


Solderability C4 2003 


Condition Remarks 
T, = 125%, V,,, specified per device type (Note 1) 
T, = 150T (Note 1) 
T, = 85%, RH = 85%, V,, = 5.5 V (Note 1) 
T, = 85°C, RH = 85% (Note 1) 
T, = 125%, P = 2.3 atm (Note 1) 
- 65% to 150%, 1 hr/cycle (Note 1) 
90° bends. 3 bends without breaking (Note 2) 
230°C, 5 sec, Rosin Base Flux (Note 3) 
260°C, 10 sec, Rosin Base Flux/ (Note 1) 


10-1 hr cycles, -65°C to 150°C/ 
15-10 min cycles, 0°C to 100°C 


Thermal Shock 1011 


MIL-STD-883C 
Test Item Symbol Method 
High Temperature HTOL/HTB 1005 
Operating/Bias Life 
High Temperature HTSL 1008 
Storage Life 
High Temperature/ TH 
High Humidity 
High Humidity HHSL 
Storage Life 
Pressure Cooker PCT 
Lead Fatigue C3 2004 
Soldering Heat/ Cé (Note 4) 
Temperature Cycle/ 1010 
Notes: 


(1) Electrical test per data sheet is performed. Devices that exceed the data 
sheet limits are considered to be rejects. 


(2) Broken lead is considered to be a reject. 


(3) Less than 95% coverage is considered to be a reject. 
(4) MIL-STD-750A, method 2031. 
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Appendix 3 
New Product / Process Change Tests 
Newly Se 
: 7: 7 Developed = Shrink New 
Test Item Test Conditions Sample Size ’ Product Die Package Wafer Assembly | 
High Temp. See Appendix 2, 1000H 20 to 50 pes 0 0 0 0 0 
Operating Life . X1to 3 lots 
High Temp. T = 150°C (Plastic), 10 to 20 pes 0 0 0 0 0 
Storage Life 175°C (Ceramic), 1000H X + to 3 lots 
High Temp. and See Appendix 2, 1000H 20 to 50 pes 0 0 0 OQ <7 6 
Humidity Bias Life X 1 to 3 lots 
(Plastic Device) 
Pressure cooker See Appendix 2, 288H 10 to 20 pcs 0 0 0 0 0 
(Plastic Device) X 1 to 3 lots 
Thermal See Appendix 2 10 to 20 pcs oO. X 0 X | 0 
Environmental X 1 to 3 lots 
Mechanical 20G, 10 to 2000 Hz 10 to 20 pcs 
Environmental 1500G, 0.5 ms X 1 to 3 lots 0 X 0 X 0 
(Ceramic Device) 20000G, 1 min 
Lead Fatigue See Appendix 2 5 pes X _ X _ X 
X 1 to:3 lots 
Solderabilty SeeAppendx2 «- 5 pes X = X = X 
; X 1 to 3 lots 
ESD (1) C = 200 pF, R=0Q 20 pes 0 0 X 0 X 
(2) C = 100 pF, R=1.5KQ X1 to 3 lots 
Long Term T/C See Appendix 2, 1000 cy 10 to 50 pes 0 0 0 0 0 
X 1 to 3 lots 





0-Performed X-— Perform if Necessary —— Not Performed 
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Appendix 4 
Failure Analysis Flowchart 


mae 














INFORMATION 
Fallure mode: 
Situation, When Fallure 
Appeared: etc. 





Analysis of 
Information 
External 
Inspection 
Electrical 
Characteristics 













DC/Function Testing 
by Tester/Curvetracer 


Stress 
Test 
Failure 
Report 












Test correlation 
May be Needed 









Due to the Case: X-ray Fluoroscope, 
Hermetical Test, Dew-point Test, 
Curvetracer Check, etc. 


Non-destructive 
Analysis 
Semi-Destructive 
Analysis 





Decapsulation, Internal Visual 
Check, Electrical Measurement, 
Circult Analysis 


Etching the Passivation, etc. 
SEM, XMA, Cross-section, etc. 


Destructive 
Analysis 
Fallure 
Report 





Estimation of Causes 
Countermeasures 
Corrective Action 
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Application-Specific Devices 


Section 3 

Application-Specific Devices 
pPD41264 

65,536 x 4-Bit Dual-Port Graphics Buffer 
pPD42264 

65,536 x 4-Bit Dual-Port Graphics Buffer 
pPD42273 

262,144 x 4-Bit Dual-Port Graphics Buffer 
pPD42274 

262,144 x 4-Bit Dual-Port Graphics Buffer 
pPD42275 

131,072 x 8-Bit Dual-Port Graphics Buffer 
pPD42101 

910 x 8-Bit Line Buffer for NTSC TV 
pPD42102 

1,135 x 8-Bit Line Buffer for PAL TV 
pPD42505 


5,048 x 8-Bit Line Buffer for 
Communications Systems 


pPD42270 

910 x 263 x 4-Bit NTSC Field Buffer 
pPD42272 

Picture-in-Picture Generator 
pPD42532 

32,768 x 8-Bit Bidirectional Data Buffer 
pPD42601 

1,048,576-Bit Silicon File 

pPD43501 

1,024-Channel Time Division Switch 
pPD43608 

Single-Chip Cache Subsystem 
pPD71641 

Cache Memory Controller 
pPD72120 


Advanced Graphics Display Controller 
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3-71 


3-99 


3-133 


3-151 


3-161 


3-177 


3-201 


3-207 


3-227 


3-239 


3-245 


3-251 
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pPD72123 
Advanced Graphics Display Controller II 


pPD72185 
Advanced Compression/Expansion Engine 


pPD7220A 
High-Performance 
Graphics Display Controller 


Application Note 54 
uPD42505 Line Buffer for 
Communications System 


Application Note 55 
puPD411011/uPD41102 
High-Speed Line Buffers 


Application Note 56 
UPD42601 Silicon File 


Application Note 57 
pPD41101/uPD41102/uPD42505 
High-Speed Line Buffers 


Application Note 58 

Interlaced to Noninterlaced 

Scan Conversion Using the 
puPD41101 High-Speed Line Buffer 


Application Note 89-15 
Computer Graphics Overview 


Application Note 89-16 
Frame Buffer Architecture 


Application Note 90-01 
Realism in Computer Graphics 


Application Note 90-02 
High Performance Systems 


Application Note 90-03 
Memory Systems Overview 


Application Note 90-06 
Silicon File System Architecture 
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3-263 


3-273 


3-289 


3-297 


3-307 


3-325 


3-337 


3-359 


3-367 


3-377 
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Additional New Product Information 
Device Number Description 


Application-Specific Devices 


uPD42273 256K x 4-bit dual-port graphics buffer 

uPD42274 256K x 4-bit dual-port graphics buffer 
with flash write option 

MC-42256D32V 256K x 32-bit dual-port graphics buffer 
SIMM with flash write option 

MC-42601 EA9B-60L 1M x 9-bit silicon file SIMM 

uUPD42271 7568 x 18-bit picture-in-picture generator 

uUPD42641 4M x 1-bit silicon file 


uUPD42644 1M x 4-bit silicon file 


Comments 


New speed of 80 ns 


New speed of 80 ns 
80 pins, leaded, zig-zag configuration 


30 pins, socket-mountable 


Same as uPD42272, except no colored frame on inset 
picture 


New in first half of 1991, with speeds to 80 ns 





New in first half of 1991, with speeds to 80 ns 
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Description 


The uPD41264 is a dual-port graphics buffer equipped 
with a 64K x 4-bit random access port and a 256 x 4-bit 
serial read port. The serial read port is connected to an 
internal 1024-bit data register through a 256 x 4-bit 
serial read output circuit. The random access port is 
used by the host CPU to read or write data addressed in 
any desired order and has a write-per-bit option that 
allows each of the four data bits to be individually 
selected or masked for a write cycle. 


The uPD41264 features fully asynchronous dual ac- 
cess, except when transferring stored graphics data 
from a selected row of the storage array to the data 
register. During a data transfer, the random access port 
requires a special timing cycle using a transfer clock, 
while the serial read port continues to operate nor- 
mally. Following the clock transition of a data transfer, 
serial read output data changes from an old line to a 
new line and the starting location on the new line is 
addressable in the data transfer cycle. 


The uPD41264 is fabricated with a double polylayer, 
N-channel, silicon gate process that provides high 
storage cell density, high performance, and high reli- 
ability. Refreshing is accomplished by means of RAS- 
only refresh cycles or by normal read or write cycles on 
the 256 address combinations of Ap through Az during 
a 4-ms period. Automatic internal refreshing, by means 
of either hidden refreshing or the CAS before RAS 
timing and on-chip refresh circuitry, is also available. 
The transfer of a row of data from the storage array to 
the data register also refreshes that row automatically. 


All inputs and outputs, including clocks, are TTL- 
compatible. All address and data-in signals are latched 
on-chip to simplify system design. Data-out is un- 
latched to allow greater system flexibility. The 
UPD41264 is available in a 24-pin plastic DIP, or 24-pin 
plastic ZIP, and is guaranteed for operation at 0 to 
+70°C. 
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pPD41264 
Dual-Port Graphics Buffer 


Features 


Q Three functional blocks 
— 64K x 4-bit random access storage array 
— 1024-bit data register 
— 256 x 4-bit serial read output circuit 
Two data ports: random access and serial read 
Dual-port accessibility except during data transfer 
Addressable start of serial read operation 
Real-time data transfer 
Single +5-volt + 10% power supply 
On-chip substrate bias generator 
Random access port __ ete 
— Two main clocks: RAS and CAS 
— Multiplexed address inputs 
— Direct connection of I/O and address lines 
allowed by OE to simplify system design 
— Refresh interval: 256 cycles/4 ms 
— Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and page mode 
capabilities 
— Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter 
— Hidden refreshing by means of CAS-controlled 
output 
— Write-per-bit capability 
— Write bit selection multiplexed on [09-lO3 
0 RAS-activated data transfer 
— Same cycle time as for random access 
— Row data transferred to data register as 
specified by row address inputs 
— Starting location of following serial read 
operation specified by column address inputs 
— Transfer of 1024 bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 
— Data transfer during real-time operation or 
standby of serial port 
Q Fast serial read operation by means of SC pins 
— Serial data presented on SO9-SO3 
— Direct connection of multiple serial outputs for 
extension of data length 
0 Fully TTL-compatible inputs, outputs, and clocks 
O Three-state outputs for random and serial access 
0 24-pin plastic DIP and 24-pin plastic ZIP packaging 


oo0odaandad 
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Pin Configurations 


24-Pin Plastic DIP and SOJ 


200] W3/lOg 
19F) WollOo 


st 
© 
N 
N 
+ 
a 
a. 
a 


831H-6631A 


831H-5380A 
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Ordering Information 


Part Number 

uPD41264C-12 
C-15 

uPD41264V-12 
V-15 


Row Access Serial Access 


Time (max) Time (max) Package 
120 ns 40 ns 24-pin 
150 ns 60 ns plastic DIP 
120 ns 40.ns 24-pin 
150 ns 60 ns peeZte 


Pin Identification 


Symbol 

Ag - A7 

CAS 

DI/OE 

RAS 

sc 

SQq - S03 

SOE 

W/o - W3/IO3 
GND 


Function 


‘Address inputs 


Column address strobe 

Data transfer/output enable 

Row address strobe 

Serial control 

Serial read outputs 

Serial output enable 

Write-per-bit inputs/data inputs and outputs 
Ground 

Write-per-bit/write enable 

+5-volt power supply 
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Recommended Operating Conditions Capacitance 

Parameter Symbol Min Typ Max Unit Ta = Oto + 70°C; Veo = +5.0V 10%) f= 1MHz 
Supply voltage Vec 4.5 5.0 5.5 Vv Feremnetey = __-— se ymbol. yay Dale Fine Uiier Test 
Input voltage, high Vin 2.4 5.5 V MPUbeapeeitance Gia) PE Oar 

Input voltage, low Vit -1.0 0.8 Vv CyDT/OE) > PF POE 
Operating temperature Ta 0 70 °C C\we/We) 8 PF vee E 
ee ae ee ey ee Ci\RAS) 8 pF RAS 
Absolute Maximum Ratings ENGR) 2 82 D 

Voltage on ary pin except Vog relative to GND, 1.010 +70V Ceo 8 pF_—SOE 

Vat Cisco) 8 pF SC 

Voltage on Veg relative to GND, Vpo -1,0V to +7.0V Input/output Ciow/lo) 7 PF = Wo /IOo - W3/l03 
Operating temperature, Topp Oto +70°C Sanoeianee 

Storage temperature, Teta ~55 to + 125°C Suipet oper iene — Soe) i pr 800"805 
Short-circuit output current, log 50 mA 


Power dissipation, Pp 15W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause. perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 
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Block Diagram 





i; eae ee 


hee cal WallO2 
See I pet 


as 
A cle W3/l03 


a 
ehh et cee phe He SE | 


Sense Amplifiers ; [1024] 


+4 -l-l-rF4+4—--—--+4+4-l- 
I bef bot tot | 
! tot 

Storage Array 


I ! 
Ito Iototit 
,otol 1 toto 
bie al _ x 1024 riud 
| btu 
on | 
-—\-\- 


Random Access 


S Cal 
5 z 
g 5 
3 8 
> a 

é 


| 

| 

\ \ \ 

| 1 tod 

l tori 
255 TT ie ah 
0123 4 6 7. 1020 1022 
1021 | 1023 


DataTranster Gate [1024] 


Start Address . RRREREK 2 Kin 


Data Register [1024] 


Ree Serial Read 
Port 
Serial Address } 255 | Serial Decoder 
Counter 


Note: 
[1] T.G. = timing generator 
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Device Operation 


The uPD41264 has a random access port and a serial 
read port. The random access port executes standard 
read/write cycles as well as data transfer cycles, all of 
which are based on conventional RAS/CAS timing. Ina 
data transfer, data in each storage cell onthe selected 
row is transferred simultaneously through a transfer 
gate to the corresponding register location. The serial 
read port shows the contents of the data register in 
serial order. The random access and serial read ports 
can operate asynchronously, except when the transfer 
gate is turned on during the data transfer period. 


Addressing 


The storage array is a 256-row by 1024-column matrix. 
Each of 4 data bits in the random access port corre- 
sponds to 65,536 storage cells, and 16 address bits are 
required to decode one cell location. Eight row address 
bits are set up on pins Ao through Az and latched onto 
the chip by RAS. Eight column address bits then are set 
up on pins Ao through Az and latched onto the chip by 
CAS. All addresses must be stable, on or before the 
falling edges of RAS and CAS. 


RAS is similar to a chip enable signal; whenever it is 
activated, 1024 cells on the selected row are sensed 
simultaneously and the sense amplifiers automatically 
restore the data. CAS is a chip selection signal that 
activates the column decoder and input/output buff- 
ers. 


Through 1 of 256 column decoders, 4 storage cells on 
a row are connected to 4 data buses, respectively. Ina 
data transfer cycle, 8 row address bits are used to 
select 1 of the 256 possible rows involved in the transfer 
of data to the data register. Eight column address bits 
are then used to select the 1 of 256 possible serial 
decoders that corresponds to the starting location of 
the next serial read cycle. In the serial read port, when 
SC is activated, 4 data bits in the 1024-bit data register 
are transferred to 4 serial data buses and read out. 
Activating SC repeatedly causes a serial read cycle 
(starting from the location specified in the data trans- 
fer) to be executed within the 1024 bits in the data 
register. 
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Random Access Port 


An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. To re- 
duce the number of pins, the following functions are 
multi-plexed in the random access port: 

e DI/OE 

e WBME 

@ W/O; (i = 0, 1, 2, 3) 

The OE, WE and IO; functions represent standard oper- 
ations while DT, WB, and W, are special inputs to be 
applied in the same way as row address inputs, with 
setup and hold times referenced to the negative tran- 
sition of RAS. The DT level determines whether a cycle 
is a random access operation or a data transfer oper- 
ation. WB affects only write cycles and determines 
whether or not the write-per-bit option is used. W; 
defines data bits to be written with the write-per-bit 
capability. In the following discussions, these multi- 
plexed pins are designated as DT(/OE), for example, 
depending on the function being described. 


To use the uPD41264 for random access, DT(/OE) must 
be high as RAS falls. Holding DT(/OE) high disconnects 
the 1024-bit data register from the corresponding 1024- 
digit lines of the storage array. Conversely, to execute 
a data transfer, DT(/OE) must be low as RAS falls to 
open the 1024 data transfer gates and transfer data 
from one of the rows to the data register. 


Read Cycle. A_ read cycle is executed by activating 
RAS, CAS, and OE and maintaining (WB)WE high while 
CAS is active. The (W,)IO; data pin (i = 0, 1, 2, 3) 
remains in high impedance until valid data appears at 
the output at access time. Device access time, tacc, is 
the longest of the following three calculated intervals: 


® trac 
e RAS to CAS delay (trep) + tcac 


e RAS to OE delay + toga 
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Access times from RAS (trac), from CAS (tcac), and. 


from OE OE (toga) are device parameters. The RAS to CAS 
and RAS to OE delays are system-dependent timing 
parameters. 


Output becomes , valid after the access time has 
elapsed and it remains valid while both CAS and OE are 
low. CAS or OE high returns the ouput to high merce 
ance. 


Write Cycle. A write cycle is ‘executed by bringing 
(WB/)WE_low low during the RAS/CAS cycle. The falling 
edge of CAS or (WB/WE strobes the data on (W,)I0; 
into the on-chip data latch. To make use of the write- 
per-bit capability, WB(/WE) must be low as RAS falls. In 
this case, data bits targeted for write operation can be 
specified by keeping W,(/O)) high, with setup and hold 
times referenced to the negative transition of RAS. 


For those data bits of W,(/IO) that are kept low as RAS 
falls, write operation is inhibited'on the chip. If WB(/WE) 
is high as RAS falls, the write-per-bit option is not used 
and a write cycle is executed for all four data bits. 


Early Write te Cycle. An early write rite cycle is executed by 
bringing (WB)/)WE low before CAS. Data is strobed by 
CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for 
the entire cycle. As RAS falls, (DT)OE must meet the 
setup é and hold times of a high DT, but. otherwise 
(OT)OE does not affect any circuit operation while CAS 
is active, 


Read-Write/Read-Modify-Write Cycle. Bringing the 
(WB/)WE signal low with RAS and CAS low executes 
this cycle. (W,)lO; shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
(W190; is returned to high impedance by a high (DT/) 
OE. The data to be written is strobed by (WB/WE, with 
setup and hold times referenced to this Signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of (DT/)OE, which | can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 256 row’ ad- 
dresses (Ap through Az) will refresh all storage cells. 
Any cycle in the random access port (i.e., read, write, 
refresh, or data transfer) refreshes the 1024 bits se- 
lected by the RAS addresses or by the on-chip refresh 
address counter. 
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RAS-only Refresh Cycle. A cycle having only RAS 
active refreshes one row of the storage array. A high 
CAS is maintained while RAS is active to keep (W,)IO; in 
a state of high impedance. This cycle is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data 
outputs may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 


CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RAS falls, this circuitry auto- 
matically refreshes the row addresses specified by the 
internal address counter. In this cycle, the circuit oper- 
ation based on CAS is maintained in a reset state. 
When internal refreshing is complete, the address 
counter automatically increments in preparation for 
the next CAS before RAS cycle. 


Hidden Refresh Cycle. This function performs hidden 
refreshing after a read cycle, without disturbing the 
read data output. Once valid, the data output is con- 
trolled by CAS and OE. After the read cycle, CAS is is held 
low while RAS goes high for precharging. A RAS-only 
cycle is then executed (except that CAS is held low 
instead of high) and the data output remains valid. 
Since hidden refreshing is the same as CAS before RAS 


‘refreshing, the data output remains valid during either 


operation. 


Fast-Page Cycle.This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. By main- 
taining RAS low while successive CAS cycles are exe- 
cuted, data is transferred at a faster rate because RAS 
addresses are maintained internally and do not have to 
be reapplied. During this operation, it is also possible 
to execute read, write and read-write/read-modify-write 
cycles. Additionally, the write-per-bit control specified 
in the entry write cycle is maintained through the 
following fast-page write cycle. 
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Data Transfer Cycle. A data transfer cycle is executed 
by bringing DT(/OE) low as RAS falls. The specified 1 of 
the possible 256 rows involved in the data transfer, 
aswell as the starting location of the following serial 
read cycle in the serial read port, are defined by 
address inputs. DT(/OE) r must be flow for a specified 
time, measured from RAS and CAS, so that the data 
transfer condition may be satisfied . The low-to-high 
transition of DT causes two transfer operations 
through the data transfer gates: column address buffer 
outputs are transferred to the serial address counters, 
and storage cell data amplified on digit lines is trans- 
ferred to the data register At least one SC cycle is 
required to hold the data in the register Otherwise, the 
beginning of the next transfer cycle destroys the newly 
transferred data. RAS and CAS must be low during 
these operations to keep the transferred data in the 
random access port. 


Serial Read Port 


The serial read port is used only to read serially the 
contents of the data register starting from a specified 
location. The entire operation, therefore, follows a data 


DC Characteristics 
Ta = Oto +70°C; Veg = 5.0 V £10% 
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transfer cycle. Data stored inthe serial register remains 
valid for a minimum of 4 ms after the transfer cycle. The 
only condition under which the serial read port must 
synchronize with the random access port is when the 
positive transition of DT(/OE) must occur within a 
specified period in an SC cycle. Except for this SC 
cycle, the serial read port can operate asynchronously 
with the random access port. The output data appears 
at SO; after an access time of tsca, measured from SC 
high, only when SOE is maintained low. The SC cycle 
‘that includes the positive transition of DT(/OE) shows 
old data in the data register; subsequent SC cycles 
show new data transferred to the data register serially 
and in a looped manner. The serial output is maintained 
until the next SC signal is activated. SOE controls the 
impedance of the serial output to allow multiplexing of 
more than one bank of uPD41264 graphics buffers into 
the same external circuitry. When SOE is low, SO; is 
enabled and the proper data is read. When SOE is at a 
high logic level, SO; is disabled and in a state of high 
impedance. 


Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current tie -10 10 HA Vin = Oto 5.5 V; all other pins not under test = 0 V 
Output leakage current lo ~10 10 HA Dour (I0;, SO) disabled; Vout = Oto 5.5 V 
Random access port output voltage, high = Vox(R) 2.4 Vv lon(R) = -2 mA 

Random access port output voltage, low Voir) 04 Vv lov(n) = 4.2 mA 

Serial read port output voltage, high VouH(s) 2.4 Vv longs) = -2 mA 

Serial read port output voltage, low Vous) 0.4 V lors) = 42 mA 
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Power Supply Current 
Ta = Oto +70°C; Vog = +5.0V 410% 








-12 ~15 
Random Access Port Serial Read Port Symbol Max Max Unit Test Conditions 
Read/write cycle Standby loci 95 85 mA RAS and CAS cycling; tag = tao min; 
IO = 0 mA; SC = SOE = Vjy (Note 1) 
Standby Standby loco 12 12 mA RAS = Vin; Dout = high impedance; 
SC = SOE = Viy 
RAS-only refresh cycle Standby loos 75 65 mA RAS cycling; CAS = Vin; tao = tao min; 
SC = SOE = Vin 
Page cycle Standby loc4 65 55 mA RAS = Vi; CAS cycling; tpg = tpo min; 
; SC = SOE = Vix (Note 1) 
CAS before RAS refresh cycle Standby locs 75 65 mA CAS low as RAS falls; tao = tao min; 
SC = SOE = Vjp (Note 1) 
Data transfer Standby loce 120 100 mA DT low as RAS falls; tae = tag min; 
SC = SOE = Vip 
Read/write cycle Active loc7 155 130 mA RAS and CAS cycling; tao = tac min; 
SOE = Vj; SC cycling; tscc¢ = tsco min 
(Note 1) 
Standby Active loca 60 45 mA RAS = Vin; Dout = high impedance; 
SOE = Vi,; SC cycling; tsoc = tgco min 
(Note 1) 
RAS- only refresh cycle Active loc 135 110 mA RAS cycling; CAS = Vin; tao = tre min; 
SOE = Vi; SC cycling; tse = tscc min 
(Note 1) 
Page cycle Active locto 125 100 mA RAS = Vj; CAS cycling; tpo = tpc min; 
SOE = Vy; SC cycling; tg¢g = tgee min 
{Note 1) 
CAS before RAS refresh cycle Active loot 135 110 mA CAS low as RAS falls; tag = tao min; 
SOE = Vir; SC cycling; tsec = tgco min 
(Note 1) 
Data transfer Active loci2 180 145 mA DT low as RAS falls; tae = tao min; 
SOE = ViL; SC cycling; tg¢¢ = tgcc min 
(Note 1) 
Notes: 
(1) No load on lO; or SO. Except for loca, loog, and loge, real values 
depend on output loading and cycle rates. 
AC Characteristics 
Ta = Oto + 70°C; Vog = +5.0 V410% 
pPD41264-12 pPD41264-15 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Column address hold time after RAS low tar 80 100 ns 
Column address setup time tasc 0 0 ns 
Row address setup time tasR 0 0 ns 
Access time from CAS tcac 60 75 ns (Notes 2, 5) 
Column address hold time toaH 20 25 ns 
CAS pulse width tcas 60 10,000 75 10,000 ns 
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pPD41264-12 uPD41264-15 
Parameter Symbol Min Max Min Max Unit Test Conditions 
DT low hold time after RAS low topH 40 55 ns (Note 12) 
CAS before RAS refresh hold time tcHR 25 30 ns 
CAS precharge time (page cycle only) top 50 60 ns 
CAS precharge time (nonpage cycle) topn 25 30 ns 
CAS high to RAS low precharge time torP 10 10 ns 
CAS hold time tosH 120 150 ns 
CAS before RAS refresh setup time tosr 10 10 ns 
GAS to WE delay towp 400 120 ns (Note 10) 
Write command to CAS lead time towL 40 45 ns 
Data-in hold time toy 35 45 ns (Note 11) 
DT high hold time toHH 20 25 ns 
Data-in hold time after RAS low tpHR 95 120 ns 
DT high setup time toys 0 0 ns 
DT low setup time toLs ) ) ns 
Data-in setup time tos 0 0 ns (Note 11) 
DT high to CAS high delay toto 10 10 ns 
DT high hold time after RAS high toTH 20 25 ns 
DT high to RAS high delay tpTR 10 10 ns 
OE pulse width toe 35 40 ns 
Access time from OE toEA 30 40 ns (Note 2) 
OE to data-in setup delay toeD 35 40 ns 
OE hold time after WE low toEH 30 40 ns 
OE to RAS inactive setup time toes 10 10 ns 
Output disable time from OE high toEz 0 30 fe) 40 ns (Note 6) 
Output disable time from CAS high torr 0 30 f°) 40 ns (Note 6) 
Page cycle time tpo 120 145 ns 
Access time from RAS trac 120 150 ne (Notes 2, 4) 
Row address hold time tRAH 15 20 ns 
RAS pulse width tras 120 10,000 150 10,000 ns 
Random read or write cycle time tro 220 270 ns 
RAS to CAS delay time trep 25 60 30 75 ns (Note 4) 
Read command hold time after CAS high tacn 0 0 ns (Note 9) 
Read command setup time tros 0 0 ns 
DT low hold time after RAS low tRoH 100 130 ns 
(serial port active) 
Refresh interval tREF 4 4 ms 
RAS precharge time tap 90 100 ns 
RAS high to CAS low precharge time trpc 0 ) ns 
Read command hold after RAS high tRRH 20 20 ns (Note 9) 
RAS hold time trsH 60 75 ns 
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AC Characteristics (cont) 




















 -pPD41264-12 pPD41264-15 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Read-write/read-modify-write cycle time tawe 300 355 ns 
RAS to WE delay trwp 160 195 ns - — (Note 10) 
Write command to RAS lead time tawL 40 45 ns 
SC pulse width tgcH 10 20 ns 
Serial output access time from SC tsca 40 60 ns —_—— (Notes 2, 7) 
Serial clock cycle time tscc 40 50,000 60 50,000 ns 
SC precharge time tgoL 10 20 ns 
SC high to DT high delay tspp 10 20 ns 
SC low hold time after DT high tspH 10 20 ns 
Serial output access time from SOE tson 35 50 ns 
SOE pulse width tsoe 15 20 ns 
Serial output hold time after SC high tsoH — 10 10 ns 
SOE lew to serial output setup delay tso0 5 5 ns 
SOE precharge time tsop 15 20 ns 
Serial output disable time from SOE high tsoz 0 30 0 40 ns (Note 6) 
Rise and fail transition time tr 3 - 50 3 50 ns 
Write-per-bit hold time twsH 20 25 ns 
Write-per-bit setup time twes 0 0 ns 
Write command hold time tWCH 35 45 ns 
Write command hold time after RAS low twor 95 120 ns 
Write command setup time twos 0 0 ns (Note 10) 
Write bit selection hold time twH 20 25 ns 
Write command pulse width twp 35 45 ns 
Write bit selection setup time tws ie) 0 ns 
Notes: 
(1) See input/output timing waveforms for timing reference volt- (9) Either tary or tacH must be satisfied for a read cycle, 
ages. (10) twos; teowp: and tawp are restrictive operating parameters in 
(2) See figures 1 and 2 for output loads. read-write and read-modify-write cycles only. If twos = twos 


(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If towp = tcwp 
(min) and tawp = tawp (min), the cycle is a read-write cycle and 
the data output will contain data read from the selected cell. If 


(8) An initial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles (except CAS-before-RAS cycles), before 
proper device operation is achieved. 


(4) Operation within the taep (max) limit ensures that trac (max) neither of the above conditions is met, the condition of the data 
can be met. The tacp (max) limit is specified as a reference point output (at access time and until CAS returns to Vip) is indeter- 
only. If taép is greater than the specified tacp (max) limit, access minate. 


time is controlled exclusively by teac. (11) These parameters are referenced to the falling edge of CAS in 


(5) Assumes that trop = trop (max). early write cycles and to the falling edge of (WB/)WE in delayed 


(6) An output disable time defines the time at which the output Malis onteacemodity write cycles: 


achieves the open-circuit condition and is not referenced to (12) Use tapy and top when the serial port is active and tapy4, 
output voltage levels. tasp, tesp and tsgc if itis in standby. 


(7) Data in the serial output register remains valid for 4. ms (min) (13) SOE may be tied to GND if the output enabie function of the 
after a data transfer cycle. serial port is not needed. .. 


(8) Vin (min) and Vj, (min) are reference levels for measuring the 
timing of input signals. Additionally, transition times are mea- 
sured between Vj} and Vj,. 
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Figure?. Input Timing 
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Figure 3. Output Loading in Random Access Port 
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Figure 4. Output Loading in Serial Read Port 
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Timing Waveforms 
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Timing Waveforms (cont) 





Early Write Cycle 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modity-Write Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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CAS Before RAS Refresh Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 


Page Read Cycle 
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Timing Waveforms (cont) 


Page Early Write Cycle 
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Timing Waveforms (cont) 


Page Late Write Cycle 
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Timing Waveforms (cont) 


Page Read-Modity-Write Cycle 


Data Input h 
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Timing Waveforms (cont) 





Data Transfer Cycle (Serial Port in Standby) 
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High Impedance 


Standby 


High Impedance 
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Timing Waveforms (cont) 


Data Transfer Cycle (Serial Port Active) 





Address 
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Timing Waveforms (cont) 


Serial Read Cycle 
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NEC Electronics Inc. 


Description 


The pPD42264 is a dual-port graphics buffer equipped 
with a 64K x 4-bit random access port and a 256 x 4-bit 
serial read port. The serial read port is connected to an 
internal 1024-bit data register through a 256 x 4-bit serial 
read output circuit. The random access port is used by 
the host CPU to read or write data addressed in any 
desired order and has a write-per-bit option that allows 
each of the four data bits to be individually selected or 
masked for a write cycle. 


The »PD42264 features fully asynchronous dual access, 
except when transferring stored graphics data from a 
selected row of the storage array to the data register. 
During a data transfer, the random access port requires 
a special timing cycle using a transfer clock, while the 
serial read port continues to operate normally. Following 
the clock transition of a data transfer, serial read output 
data changes from an old line to a new line and the 
starting location on the new line is addressable in the 
data transfer cycle. 


The n.PD42264 is fabricated with CMOS technology that 
provides high storage cell density, high performance, 
and high reliability. Refreshing is accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 256 address combinations of Ag 
through Az during a 4-ms period. Automatic internal 
refreshing, by means of either hidden refreshing or the 
CAS before RAS timing and on-chip internal refresh 
circuitry, is also available. The transfer of a row of data 
from the storage array to the data register also refreshes 
that row automatically. 


All inputs and outputs, including clocks, are TTL- 
compatible. All address and data-in signals are latched 
on-chip to simplify system design. Data-out is unlatched 
to allow greater system flexibility. The »PD42264 is 
available in a 24-pin plastic DIP, 24-pin plastic SOu, and 
24-pin plastic ZIP, and is guaranteed for operation at 0 to 
+70°C, 


Ordering Information 


Row Access Serial Access 


Part Number Time (max) Time (max) Package 
wPD42264C-10 100 ns 25 ns 24-pin plastic DIP 
pPD42264LA-10 100 ns 25 ns 24-pin plastic SOJ 
pePD42264V-10 100 ns 25 ns 24-pin plastic ZIP 


60065 
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uPD42264 
Dual-Port Graphics Buffer 


Features 


Q Three functional blocks 
— 64K x 4-bit random access storage array 
— 1024-bit data register 
— 256 x 4-bit serial read output circuit 
Two data ports: random access and serial read 
Dual-port accessibility except during data transfer 
Addressable start of serial read operation 
Real-time data transfer 
Single +5-volt + 10% power supply 
On-chip substrate bias generator 
Random access port 
— Two main clocks: RAS and CAS 
— Multiplexed address inputs 
— Direct connection of I/O and address lines 
allowed by OE to simplify system design 
— Refresh interval: 256 cycles/4 ms 
— Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and page mode 
capabilities 
— Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter 
— Hidden refreshing by means of CAS-controlled 
output 
— Write-per-bit capability 
— Write bit selection multiplexed on lO9-103 
© RAS-activated data transfer 
— Same cycle time as for random access 
— Row data transferred to data register. as spaciiicd 
by row address inputs 
— Starting location of following serial read © 
operation specified by column address inputs 
— Transfer of 1024 bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 
— Data transfer during real-time operation or 
standby of serial port 
Q Fast serial read operation by means of SC pins 
— Serial data presented on SO9-SO3 
— Direct connection of multiple serial outputs for 
extension of data length 
QO Fully TTL-compatible inputs, outputs, and clocks 
QO Three-state outputs for random and serial access 
Q 24-pin plastic DIP, 24-pin plastic SOu, and 24-pin 
plastic ZIP packaging 
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Pin Configurations 


24-Pin Plastic DIP and SOJ 








207) wa/l03 
191 Wo/lO2 


83iH-6631A 


831H-5380A 


Pin Identification 


Symbol 
Ag - Az 


CAS 


T/OE 


Q 


=) 


$Op - SO3 
SOE 
Wo/lOp - Wa/lO3 
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Address inputs 

Column address strobe 
Data transfer/output enable 
Row address strobe 

Serial control 

Serial read outputs 

Serial output enable 
Write-per-bit inputs/data inputs and outputs 
Ground 

Write-per-bit/write enable 


+5-volt 10% power supply 


Absolute Maximum Ratings 


Voltage on any pin except Vcc relative to GND, -1.0to +7.0V 
Vai 

Voltage on Voc relative to GND, Vro -1.0Vto +7.0V 
Operating temperature, Topr Oto +70°C 
Storage temperature, Tstg -55 to +125°C 
Short-circuit output current, log ~ 50 mA 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 
Ta = Oto +70°C; Voc = +5.0 V 10%; f = 1 MHz 





Parameter Symbol Max Unit Pins Under Test 
Input capacitance Cia) 5 pF Ag-A7 

Cote 8 pF DT/OE 

Cywewve) 8 pF WB/WE 

C\(RAS) 8 pF RAS 

CCAS) 8 pF CAS 

CSO) 8 pF SOE 

Cysc) 8 pF SC 
Input/output capacitance Ciqqwyio) 7 ~~ pF WollOo - Wa/lO3 
Output capacitance Co (So) 7 pF SO : $O3 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage . Ven 45 50 55 V 
Input voltage, high Vin 2.4 5.5 Vv 
Input voltage, low Vit - 1.0: 0.8 Vv 
Operatingtemperature Tm 0 70 


NEC 


Block Diagram 
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DataTransfer Gate 


Start Address 


Serial Address 
; Counter 


Data Register 


Note: 
(1] T.G. = timing generator 


DEVICE OPERATION 


The »PD42264 consists of a random access port and a 
serial read port. The random access port executes 
standard read and write cycles as well as data transfer 
cycles, all of which are based on conventional RAS/CAS 
timing. In a data transfer, data in each storage cell onthe 
selected row is transferred simultaneously through a 
transfer gate to the corresponding register location. The 
serial read port shows the contents of the data register in 
serial order. The random access port and the serial read 
port can operate asynchronously, except when the 
transfer gate is turned on during the data transfer period. 


Addressing 


The storage array is arranged in a 256-row by 1024- 
column matrix. Each of 4 data bits in the random access 
port corresponds to 65,536 storage cells. Therefore, 16 


! 
| 


t 
| 
! 
4- 
012345 67 


| 


! 

Storage Array | 

256 x 1024 } 
‘ 

| 


1020 1022 
1021 | 1023 


[1024] 


[1024] 


Serial Read 
Port 


Serial Decoder 


831H-66158 





address bits are required to decode one cell location. 
Eight row address bits are set up on pins Ag through A7 
and latched onto the chip by RAS. Eight column address 
bits then are set up on pins Ap through A7 and latched 
onto the chip by CAS. All addresses must be stable, on 
or before the falling edges of RAS and CAS. 


RAS is similar to a chip enable signal; whenever it is 
activated, 1024 cells on the selected row are sensed 
simultaneously and the sense amplifiers automatically 
restore the data. CAS serves as a chip selection signal to 
activate the column decoder and the input and output 
buffers. 


Through. 1 of 256 column decoders, 4 storage cells on 
the row are connected to 4 data buses, respectively. In 
the data transfer cycle, 8 row address bits are used to 
select 1 of the 256 possible rows involved in the transfer 
of data to the data register. Eight column address bits are 


3-27 


pPD42264 


then used to select the 1 of 256 possible serial decoders 
that corresponds to the starting location of the next 
serial read cycle. In the serial read port, when SC is 
activated, 4 data bits in the 1024-bit data register are 
transferred to 4 serial data buses and read out. Activat- 
ing SC repeatedly causes a serial read cycle (starting 
from the location specified in the data transfer cycle) to 
be executed within the 1024 bits in the data register. 


Random Access Port 


An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. To reduce 
the number of pins, the following functions are multi- 
plexed in the random access port: 

e DI/OE 

e WB/WE 

@ W//IO; (i = 0, 1, 2, 3) 

The OE, WE and IO; functions represent standard oper- 
ations while DT, WB, and W, are special inputs to be 
applied in the same way as row address inputs, with 
setup and hold times referenced to the negative transi- 
tion of RAS. The DT level determines whether a cycle is a 
random access operation or a data transfer operation. 
WB affects only write cycles and determines whether or 
not the write-per-bit option is used. W; defines data bits 
to be written with the write-per-bit capability. In the 
following discussions, these multiplexed pins are desig- 
nated as DT(/OE), for example, depending on the func- 
tion being described. 


To use the pPD42264 for random access, DT(/OE) must 
be high as RAS falls. Holding DT(/OE) high disconnects 
the 1024-bit data register from the corresponding 1024- 
digit lines of the storage array. Conversely, to execute a 
data transfer, DT(/OE) must be low as RAS falls to open 
the 1024 data transfer gates and transfer data rom one of 
the rows to the data register. 


Read. Cycle. Aread cycle is executed d by activating RAS, 
CAS, and OE and maintaining (WB/))WE high while CAS 
is active. The (W;/)IO; data pin (i = 0, 1, 2, 3) remains in 
high impedance until valid data appears at the output at 
access time. Device access time, tacc, will be the 
longest of the following three calculated intervals:. 


® trac 
e RAS to CAS delay (tacp) + fe 
e RAS to OE delay + toga 
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Access times from RAS (trac), from CAS (tcac), and 
from OE (toga) are device parameters. The RAS to CAS 
and RAS to OE delays are system-dependent timing 
parameters. 


' Output becomes valid after the access time has elapsed 


and it remains valid while both CAS and OE are low. CAS 
or OE high returns the output to high impedance. 


Write Cycle. A write cycle is executed by bringing 
(WB/)WE low during the RAS/CAS cycle. The falling edge 
of CAS or (WB/WE strobes the data on (W,/)IO; into-the 
on-chip data latch. To make use of the write-per-bit 
capability, WB(/WE) must be low as RAS falls. In this 
case, data bits targeted for write operation can be 
specified by keeping W((/IO;) high, with setup and hold 
times referenced to the negative transition of RAS. 


For those data bits of W;(/iO;) that are kept low as RAS 
falls, write operation is inhibited-on the chip. If WB(/WE) 


_ is high as RAS falls, the write-per-bit option is not used 


and a write cycle is executed for all four data bits. 


Early Write ite Cycle. An early write cycle is executed by 
bringing (WB)WE low before CAS. Data is strobed by 
CAS, with setup and hold times referenced to this signal, 
and the output remains in | high impedance for the entire 
cycle. As RAS falls, (DT/)OE must meet the setup and 
hold times of a high DT, but otherwise (DT/)OE does not 
affect any circuit operation while CAS is active. 


Read-Write/Read-Modify-Write Cycle. Bringing the 
(WB/)WE signal low with RAS and CAS low executes this 
cycle. (W;/)lIO; shows read data at access time. Afterward, 

in preparation for the upcoming write cycle, (Wj/)IO; is 
returned to high impedance by a high (DT)OE. The data 
to be written is strobed by (WB/)WE, with setup and hold 
times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of (DT/)OE, which can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 256 row addresses 
(Ag through Az) will refresh all storage cells. Any cycle in 
the random access port (i-e., read, write, refresh, or data 
transfer) refreshes the 1024 bits selected by the RAS 
addresses or by the on-chip refresh address counter. 


RAS-only Refresh Cycle. A cycle having only RAS 
active refreshes one row of the storage array. A high CAS 
is maintained while RAS is active to keep (Wj/)IO; in a 
state of high impedance. This cycle is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data out- 
puts may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 


NEC 


CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RAS falls, this circuitry auto- 
matically refreshes the row addresses specified by the 
internal address counter. In this cycle, the circuit opera- 
tion based on CAS is maintained in a reset state. When 
internal refreshing is complete, the address counter 
automatically increments in preparation for the next CAS 
before RAS cycle. 


Hidden Refresh Cycle. This function performs hidden 
refreshing after a read cycle, without disturbing the read 
data output. Once valid, the data output is controlled by 
CAS and OE. After the read cycle, CAS is held low while 
RAS goes high for precharging. A RAS-only cycle is then 
executed (except that CAS is held low instead of high) 
and the data output remains valid. Since hidden refresh- 
ing is the same as CAS before RAS refreshing, the data 
output remains valid during either operation. 


Fast-Page Cycle.This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. By main- 
taining RAS low while successive CAS cycles are exe- 
cuted, data is transferred at a faster rate because RAS 
addresses are maintained internally and do not have to 
be reapplied. During this operation, it is also possible to 
execute read, write and read-write/read-modify-write cy- 
cles. Additionally, the write-per-bit control specified in 
the entry write cycle is maintained through the following 
fast-page write cycle. 


Data Transfer Cycle. A data transfer cycle is executed 
by bringing DT(/OE) low as RAS falls. The specified 1 of 
the possible 256 rows involved in the data transfer, as 
well as the starting location of the following serial read 
cycle in the serial read port, are defined by address 
inputs. DT(/OE) must be low for a specified time, mea- 


DC Characteristics 
Ta = Oto +70°C; Vocg = 5.0 V 10% 
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sured from RAS and;CAS, so that the data transfer 
condition may be satisfied . The low-to-high transition of 
DT causes two transfer operations through the data 
transfer gates: column address buffer outputs are trans- 
ferred to the serial address counters, and storage cell 
data amplified on digit lines is transferred to the data 
register. At least one SC cycle is required to hold the data 
in the register. Otherwise, the beginning of the next 
transfer cycle destroys the newly transferred data. RAS 
and CAS must be low during these operations to keep 
the transferred data in the random access port. 


Serial Read Port 


The serial read port is used only to read serially the 
contents of the data register starting from a specified 
location. The entire operation, therefore, follows a data 
transfer cycle. Data stored in the serial register remains 
valid for a minimum of 4 ms after the transfer cycle. The 
only condition under which the serial read port must 
synchronize with the random access port is when the 
positive transition of DT(/OE) must occur within a spec- 
ified period in an SC cycle. Except for this SC cycle, the 
serial read port can operate asynchronously with the 
random access port. The output data appears at SO; 
after an access time of tgca, measured from SC high, 
only when SOE is maintained low. The SC cycle that 
includes the positive transition of DT(/OE) shows old 
data in the data register; subsequent SC cycles show 
new data transferred to the data register serially and ina 
looped manner. The serial output is maintained until the 
next SC signal is activated. SOE controls the impedance 
of the serial output to allow multiplexing of more than 
one bank of ».PD42264 graphics buffers into the same 
external circuitry. When SOE is low, SO; is enabled and 
the proper data is read. When SOE is ata high logic level, 
SQ; is disabled and in a state of high impedance. 


Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current hie ~10 10 pA Vin = 0 to 5.5 V; all other pins not under test = 0 V 
Output leakage current lo. -10 10 HA  Doyrt (10;, SO) disabled; Voyy = 0to 5.5 V 
Random access port output voltage, high VoHiR) 2.4 Vv lon(R) = -2 mA 

Random access port output voltage, low VoL) 0.4 Vv foL(R) = 4.2 mA 

Serial read port output voltage, high VoHis) 2.4 Vv lon(s) = ~2 mA 

Serial read port output voltage, low VoL(s) 0.4 Vv lor(s) = 4.2 MA 
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Power Supply Current 
Ta = Oto +70°C; Vog = +5.0 V +10% : 7 
Random Access Port Serial Read Port Symbol... Max Unit | Test Conditions 
Read/write cycle Standby”. - lect 70 mA — RAS and CAS cycling; tac = tac min; 10 = 0 mA; 
ee oc SC = SOE = Vix (Note 1) 
Standby Standby loce 5 mA = RAS: = Vins Dour = high impedance; 
‘ Sy : SC = SOE = Vin 
RAS-only refresh cycle ' Standby lecs 60 mA’ RAS cycling; CAS = Vix tac = tac min; 
oe : ; ; SC = SOE = Vin 
Page cycle —-< Standby | loca 50 . mA _ RAS = Vi; CAS cycling; tpo = tpc min; 
“ SC = SOE = Vjyq (Note 1) 
CAS before RAS refresh cycle § Standby Iocs 60 mA _—_ CAS lowas RAS falls; tag = tac min; 
: = SOE = Vin (Note 1) 
Data transfer _.. Standby ~ leces 75 mA: ° DT lowas RAS falls; tag = tac min; 
3s Mak SC = SOE — Vin 
Read/write cycle Active “Icc7 «120. mA ORAS and CAS cycling; tac = tac min; IO = O mA; 
: . SOE = Vi; SC cycling; ts¢¢ = tgcc min (Note 1) 
Standby - Active locos 50 mA RAS = Vin; Dout = high-impedance; SOE = Vi; 
es 7 : ; SC cycling; tscc = tscc min (Note 1) 
RAS-only refresh cycle Active Ilco  ~=—Ss«*120 mA RAS cycling; CAS = Vin; tac = tac min; SOE = Vi; 
: ; - SC cycling; tscc = tscc min (Note 1) 
Page cycle = Active Iccto 100 mA. -RAS = Vy; CAS cycling; tp¢ = tpg min; SOE = Vy; . 
7 fees e yt eae SC cycling; tsc¢ = tgcc min (Note 1) 
CAS before RAS refresh cyéle Active “Ioct 110. mA CAS lowas RAS falls; tag = tao min; SOE = Vy; 
SC cycling; tgoc = tgcc min (Note 1) 
Data transfer se Active Bae loci2 125 mA _—DT low as-RAS falls; tac = taco min; SOE = Vi; 
; i et SC cycling; tscc = tgcc min (Note 1). 
Notes: 


(1) No load on IO; or Sj. Exéept for Ioce, loca, and ccs real values 
epend on pee loading and cycle rates. 


AC Characteristics 
Ty = Oto +70°C; Vog = +5.0 V2 10% 





Parameter _ Symbol Min Typ ‘Max Unit Test Conditions 
Column address hold time after RAS low tar 70 ns 

Column address setup time tasc 0 ns 

Row address setup time : tasr . 0 ns 
Access time from CAS teas 50 ns (Notes 2, 5) 
Column address hold time tcaH i (i‘é OD a ns 

CAS pulse width > teas 50 10,000 ns 

DT low hold time after RAS low ~  tepH 30 ns (Note 12) 
CAS before RAS refresh hold time toHR 20 | ns 
CAS precharge time (page cycle only) _ tcp 40 ons 

CAS precharge time (nonpage cycle) tcpn. _. 20 ee ns 

CAS high to RAS low precharge time tcrp 10 ns 

SC delay time from CAS tosp 45 ns (Note 12) 
CAS hold time tosH 100 ns 

CAS before RAS refresh setup time tcsr 10 ns 
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AC Characteristics (cont) 





Parameter Symbol Min Typ Max Unit Test Conditions 
CAS to WE delay tcwo 85 ns (Note 10) 
Write command to CAS lead time towL 35 ns 

Data-in hold time tou 30 ns (Note 11) 
DT high hold time toHH 15 ns 

Data-in hold time after RAS low tbHR 80 ns 

DT high setup time tbHs 0 ns 

DT low setup time tois ns 

Data-in setup time tos ns (Note 11) 
DT high to CAS high delay toTc 10 ns 

DT high hold time after RAS high torTH 15 ns 

DT high to RAS high delay torr 10 ns 

OE pulse width toe 25 ns 

Access time from OE toEA 25 ns (Note 2) 
OE to data-in setup delay toeD 25 ns 

OE hold time after WE low toeH 10 ns 

OE to RAS inactive setup time toEs 10 ns 

Output disable time from OE high toez 25 ns (Note 6) 
Output disable time from CAS high torr 25° ns (Note 6) 
Page cycle time tpc 100 ns 

Access time from RAS tRac 100 ne (Notes 2, 4) 
Row address hold time tRAH 15 ns 

RAS pulse width tras 100 10,000 ns 

Random read or write cycle time tac 190 ns 

RAS to CAS delay time tacp 25 50 ns (Note 4) 
Read command hold time after CAS high tacH ns (Note 9) 
Read command setup time tacs ns 

DT low hold time after RAS low taDH 80 ns (Note 12) 
(serial port active) 

DT low hold time after RAS low tRDHt 15 ns (Note 12) 
(serial port in standby) 

Refresh interval tRer 4 ms 

RAS precharge time tap 80 ns 

RAS high to CAS low precharge time taPc 0 ns 

Read command hold after RAS high taRH 10 ns _ (Note 9) 
SC delay from RAS tasp 95 ns (Note 12) 
RAS hold time fASH 50 ns 
Read-write/read-modify-write cycle time tawc 260 ns 

RAS to WE delay trwo 135 ns (Note 10) 
Write command to RAS lead time tawL 35 ns 

SC pulse width tscH 10 ns 

Serial output access time from SC tsca 30 ns (Notes 2, 7) 
Serial clock cycle time tscc 30 50,000 ns 
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AC Characteristics (cont) 




















Parameter Symbol Min Typ Max Unit Test Conditions 
SC precharge time tsoL 10 ns 
SC high to DT high delay tspp 10 ns 
SC low hold time after DT high tspH 10 ns 
Serial output access time from SOE . tsoa 25 ns 
SOE pulse width tsoe 10 ns (Note 13) 
Serial output hold time after SC high tson 5 ns 
SOE low to serial output setup delay tsoo 5 ns 
SOE precharge time tsop 10 ns (Note 13) 
Serial output disable time from SOE high tsoz . 0 25 ns (Note 6) 
SC setup time to CAS tssc ~ 10 ns (Note 12) 
Rise and fall transition time tr 3 50 ns 
Write-per-bit hold time tweH 16 ons 
Write-per-bit setup time twes 0 ns 
Write command hold time twoH 25 ns 
Write command hold time after RAS low twor 75 ns 
Write command setup time twos 0 ns (Note 10) 
Write bit selection hold time twuH 15 ns 
Write command pulse width twp 15 ns 
Write bit selection setup time tws 0 ns 
Notes: 
(1) See input/output timing waveforms for timing reference voltages. (9) ee taRH OF tacH must be satisfied for a read cycle. 
(2) See figures 1 and 2 for output loads. (10) twos, tcwp, and tawp are restrictive operating parameters in 


read-write and read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If towp = towo 
(min) and tawp =tawp (min), the cycle is a read-write cycle and 


(8) An initial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles (except CAS-before-RAS cycles), before 
proper device operation is achieved. 


(4) Operation within the tacp (max) limit ensures that trac (max) the data output will contain data read from the selected cell. If 
can be met. The tacp (max) limit is specified as a reference point neither of the above conditions is met, the condition of the data 
only. If tacp is greater than the specified taop (max) limit, access output (at access time and until CAS returns to Vj.) is indeter- 
time is controlled exclusively by tcac. minate. 

(6) Assumes that tacp = tacp (max). (11) These parameters are referenced to the falling edge of CAS in 


early write cycles and to the falling edge of (WB/)WE in delayed 


(6) An output disable time defines the time at which the output write of read-modity-write cycles. 


achieves the open-circuit condition and is not referenced to . 
output voltage levels. (12) Use tapy and tcp} when the serial portis active and tapx1, tasp; 


(7) Data in the serial output register remains valid for 4 ms (min) lesb. and Ieee HIE Je In standby. 


after a data transfer cycle. (13) SOE may be tied to GND if the output enable function of the 


(8) Vin (min) and Vi, (min) are reference levels for measuring the Setlal:portis nat headed: 


timing of input signals. Additionally, transition times are mea- 
sured between Vj} and Vj,. 
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Figure 1. Input Timing 


831H-6616B 





Figure 2. Output Timing 


831H-6624B 





Figure 3. Output Loading in Random Access Port 


831H-6617B 





Figure 4. Output Loading in Serial Read Port © 


831H-6618B 
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Timing Waveforms 


Read Cycle 


High impedance 
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Timing Waveforms (cont) 





Early Write Cycle 





Address 


X Write Mask Select 


tWBH 
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Timing Waveforms (cont) 


Late Write Cycle 


Address 


X 


Wi AO} 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 





Address 





Write Mask 
Select 
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Write Mask Valid 
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Timing Waveforms (cont) 
RAS-Only Refresh Cycle 


We 


tRAH 
tASR 


High Impedance 
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CAS Before RAS Refresh Cycle 


High Impedance 


831H-66038, 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 





Page Read Cycle 


Address 
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Timing Waveforms (cont) 


Page Early Write Cycle 





Address 


Write Mask WY 
Select F\ 
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Input Data 
Vatid 
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Timing Waveforms (cont) 





Page Late Write Cycle 


Address 


Data Valid 
{DHR 
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Timing Waveforms (cont) 


Page Read-Modify-Write Cycle 
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Timing Waveforms (cont) 





Data Transfer Cycle (Serial Port in Standby) 


Address 


High Impedance 


Wi NO; 


Standby 


High Impedance 
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Timing Waveforms (cont) 


Data Transfer Cycle (Serial Port Active) 





Address 


3-45 


pPD42264 NV. KE C 


Timing Waveforms (cont) 


Serial Read Cycle 
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Description 


The pPD42273 is a dual-port graphics buffer equipped 
with a 256K x 4-bit random access port and a 512 x 4-bit 
serial read port. The serial read port is connected to an 
internal 2048-bit data register through a'°512 x 4-bit 
serial read output circuit. The random access port is 
used by the host CPU to read or write data addressed in 
any desired order A write-per-bit capability allows 
each of the four data bits to be individually selected or 
masked for a write cycle. 


The uPD42273 features fully asynchronous dual ac- 
cess, except when transferring stored graphics data 
from a selected row of the storage array to the data 
register. During a datatransfer, the random access port 
requires a special timing cycle using a transfer clock; 
the serial read port continues to operate normally. 
Following the clock transition of a data transfer, serial 
output data changes from an old line to a new line and 
the starting location on the new line is addressable in 
the data transfer cycle. 


An advanced CMOS silicon-gate process using poly- 
cide technology and trench capacitors provides high 
storage cell density, high Pedenmance, and high reli- 
ability. 


Refreshing is accomplished by means of RAS-only 
refresh cycles or by normal read or write cycles on the 
512 address combinations of Ap through Ag during an 
8-ms period. Automatic internal refreshing, by means 

of either hidden refreshing or the CAS before RAS 
timing and on-chip internal refresh circuitry, is also 
available. The transfer of a row of data from the storage 
array to the data register also refreshes that row auto- 
matically. 


The yPD42273 is an alternative to the uPD42274 for 
applications that do not require the flash write function. 


All inputs and outputs, including clocks, are TTL- 
compatible. All address and data-in signals are latched 
on-chip to simplify system design. Data-out is un- 
latched to allow greater system flexibility. 

The uPD42273 is available in a 28-pin plastic ZIP or 


28-pin plastic SOJ and is guaranteed for operation at 0 
to + 70°C. 


puPD42273 
Dual-Port Graphics Buffer 


Features 


QO Three functional blocks 
— 256K x 4-bit random access storage array 
— 2048-bit data register 
— 512 x 4-bit serial read output circuit 
Two data ports: random access and serial read 
Dual-port accessibility except during data transfer 
Addressable start of serial read operation 
Real-time data transfer 
Single + 5-volt + 10% power supply 
On-chip substrate bias generator 
Random access port __ mee 
— Two main clocks: RAS and CAS 
— Multiplexed address inputs — 
— Direct connection of I/O and address lines 
allowed by OE to simplify system design 
— 512 refresh cycles every 8 ms 
— Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and fast-page 
cycles 
— Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter 
—CAS-controlled hidden refreshing 
— Write-per-bit option regarding four 1/O bits 
— Write bit selection multiplexed on 109-103 
O RAS-activated data transfer 
— Same cycle time as for random access 
— Row data transferred to data register as 
specified by row address inputs 
— Starting location of following serial read cycle 
specified by column address inputs 
— Transfer of 2048 bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 
— Data transfer during real-time operation or 
standby of serial port 
O Fast serial.read operation by means of SC pins 
Serial data output on SO9-SO3 
Q Direct connection of multiple serial outputs for 
extension of data length 
QO Fully TTL-compatible inputs, outputs, and clocks 
Three-state outputs for random and serial access 
OQ CMOS silicon-gate process with trench capacitors 


ooaoaoa0g0gn G 


o 


o 


New speed of 80 ns will be available in 1991. 


60128 
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Pin Configurations 


28-Pin Plastic SOJ 





83YL-7288A 





Pin Identification 





Symbol Function 

Ao - Ag Address inputs 

Wo/IOo - W3/lOg Write-per-bit selects/data inputs and outputs 
RAS Row address strobe 

CAS Column address strobe 
WB/WE Write-per-bit/write enable 
DOE - Data transfer/output enable 
SOp - SO3 * Serial read outputs - 

sc Serial control 

SOE Serial output enable 

GND Ground 

Voc +5-volt +10% power supply 
NC No connection 
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Ordering Information 


Row Access Serial Access 

Part Number Time (max) Time (max) Package 
uUPD42273LE-10 100 ns 30 ns 28-pin 

E12 120ns 40 ns Bi sald ada 
uPD42278V-10 100 ns . 80ns 28-pin 

| v-12 120 ns 40 ns Bente ziF 

Absolute Maximum Ratings 
Voltage on any pin except Voc 
relative to GND, Vpy -1.0 to +7.0V 
Voltage on Veo relative to GND, Vre -1.0 to +7.0V 
Operating temperature, Topp Oto +70°C 
Storage temperature, Tetq ~55 to + 125°C 
Short-circuit output current, log ' 50mA 
Power dissipation, Pp 15W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. : 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max — Unit 
Supply voltage ‘Voc 45 5.0 5.5 Vv 
Input voltage, high Vin 2.4 5.5 Vv 
Input voltage, low VIL -1.0 0.8 Vv 


Ambienttemperature Ta, 0 70 0G 





Capacitance 
Ta = 0 to +70°C; Vog = +5.0V +10%; f = 1 MHz; GND = OV 


Parameter Symbol Limit (max) Unit Pins Under Test 
Input ‘Cya) 5 pF = Ag through Ag 
capacitance CATON 8 pF DI/OE 

CiWEWE) 8 pF  WB/WE 

Ci(RAS) 8 pF RAS 

C\Gae) 8 pF CAS 

C\S0BH) 8 pF . SOE 

“Cyse) . 8 “pF = SC 
Inputfoutput Cig qo) 7 pF — WoflOo through 
capacitance W2/lI0z 
Output Coiso) 7 "pF $0 through 
capacitance - : : SO3 
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Block Diagram 


Refresh 
Counter 


ELL ti seeeee eee 
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Address Buffer 


pPD42273 





Storage 
Cell Array 


oS a 


Transfer 
Gates 


Address 
Counter 


Timing 
Generator 





Pin Functions 

Ao-Ag (Address Inputs). These pins are multiplexed as 
row and column address inputs. Each of four data bits 
in the random access port corresponds to 262,144 
storage cells, which means that nine row addresses 
and nine column addresses are required to decode one 
cell location. Nine row addresses are first used to 
select one of the 512 possible rows for a read, write, 
data transfer, or refresh cycle. Nine column addresses 
are then used to select the one of 512 possible column 
decoders for a read or write cycle or the one of 512 
possible starting locations for the next serial read 
cycle. (Column addresses are not required in RAS-only 
refresh or flash write cycles.) 


Wo/IOo-W3/I03 (Write-Per-Bit Inputs/Common Data 
Inputs and Outputs). Each of the four data bits canbe 
individually latched by these inputs at the falling edge 
of RAS in a write cycle, and then updated at the next 
falling edge of RAS. In a read cycle, these pins serve as 
outputs for the selected storage cells. In a write cycle, 
data input on these pins is latched by the falling edge of 
CAS or WE. 


RAS (Row Address Strobe). This pin is functionally 
equivalent to a chip enable signal in that whenever it is 





Data 
Lee 
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activated, the 2,048 storage cells of a selected row are 
sensed simultaneously and the sense amplifiers re- 
store all data. The nine row address bits are latched by 
this signal and must be stable on or before its falling 


edge. CAS, DI/OE and WB/WE are simultaneously 
latched to determine device operation. 


CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder 
and the input/output buffers. The nine column address 
bits are latched at the falling edge of CAS. 


WB/WE (Write-Per-Bit Control/Write Enable). At the 
falling edge of RAS the WB/WE input must be low and 
CAS and DT/OE high to enable the write- per-bit option. 
A high WB/MWE can be used at the beginning of a 
standard write or read cycle. 


DT/OE (Data Transfer/Output Enable). At the falling 
edge of RAS, CAS high and FWE and DT/OE low initiate 
a data transfer, regardless of the level of WB/WE. DT/OE 
high initiates conventional read or write cycles and 


controls the output buffer in the random access port. 


SOQ o-SOx3 (Serial Data Output). Four-bit data is read 
from these pins. Data remains valid until the next SC 
signal is activated. 
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SC (Serial Control). Repeatedly activating this signal 
causes serial read cycles (starting from the location 
specified in the data transfer cycle) to be executed 
within the 2,048 bits in the data register. The rising edge 
of SC activates serial read operation, in which four of 
the 2,048 data bits are transferred to four serial data 
buses, respectively, and read out. Whenever SC is low, 
the serial port is in standby. 


SOE (Serial Output Enable). This signal controls the 
serial data output buffer. 


OPERATION 


The uPD42273 consists of a random access port anda 
serial read port. The random access port executes 
standard read and write cycles as well as data transfer 
and flash write cycles, all of which are based on con- 
ventional RAS/CAS timing. 


In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously through a 
transfer gate to its corresponding register location. The 
serial read port shows the contents of the data register 
inserial order. The random access and serial read ports 
can operate asynchronously, except when the transfer 
gate is turned on during the data transfer period. 


Addressing 


The storage array is arranged in a 512-row by 2048- 
column matrix, whereby each of 4 data bits in the 
random access port corresponds to 262,144 storage 
cells and 18 address bits are required to decode one 
cell location. Nine row address bits are set up on pins 
Ao through Ag and latched onto the chip by RAS. Nine 
column address bits then are set up on pins Ap through 
Ag and latched onto the chip by CAS. All addresses 
must be stable, on or before the falling edges of RAS 
and CAS. Whenever RAS is activated, 2048 cells on the 
selected row are sensed simultaneously and the sense 
amplifiers automatically restore the data. CAS serves 
as a chip selection signal to activate the column de- 
coder and the input and output buffers. 


Through 1 of 512 column decoders, 4 storage cells on 
the row are connected to 4 data buses, respectively. In 
a data transfer cycle, 9 row address bits are used to 
select 1 of the 512 possible rows involved in the transfer 
of data to the data register. Nine column address bits 
are then used to select the 1 of 512 possible serial 
decoders that corresponds to the starting location of 
the next serial read cycle. In the serial read port, when 
SC is activated, 4 data bits in the 2048-bit data register 
are transferred to 4 serial data buses and read out. 
Activating SC repeatedly causes serial read cycles 
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(starting from the location specified in the datatransfer 
cycle) to be executed within the 2048 bits in the data 
register. 


Random Access Port 


An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. To re- 
duce the number of pins, the eee are multiplexed. 


e DT/OE_ 
e WB/WE 
@ W/IO; (i = 0, 1, 2, 3) 


OE, WE and IO; represent standard operations, while 
DT, WB, and W; are special inputs to be applied in the 
same way as row address inputs, with setup and hold 
times referenced to the negative transition of RAS. 


The level of DT determines whether a cycle is a random 
access or data transfer operation. WB affects only 
write cycles and determines whether or not the write- 
per-bit capability is used. W, defines data bits to be 
written with the write-per-bit option. In the following 
discussions, these multiplexed pins are designated as 
DT(/OE), for example, depending on the function being 
described. 


To use the uPD42273 for random access, DT(/OE) must 
be high as RAS falls to disconnect the 2048-bit register 
from the corresponding 2048-digit lines of the storage 
array. Conversely, to execute a data transfer, DT(/OE) 
must be low as RAS falls to open the 2048 transfer gates 
and transfer data from one of the rows to the register. 


Truth Table for the Random Access Port 


CAS DOE WBWE Cycle 

H H H Read or write (Note 1) 

H H L Mask write (Note 2) 

H L xX Read data transfer (Note 3) 

L X X CAS before RAS refresh (Note 4) 
Notes: 


(1 


~ 


Initiates a normal read or write cycle and disables the write-per- 
bit capability. 


(2) Enables individual bits to be selected or masked for a write cycle. 
Four-bit masked data is latched at the falling edge of RAS and 
reset at the rising edge of RAS. 


(3 
(4 


~ 


Initiates a read data transfer cycle. 


Initiates a CAS before RAS refresh cycle. As RAS falls, WB/WE 
and DI/OE = don’t care, 


(5) X = don’t care. 


= 
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Read Cycle. A read cycle is executed by activating 
RAS, CAS, and OE and by maintaining (WB/)WE while 
CAS is active. The (W,)IO; pin (i = 0, 1, 2, 3) remains in 
high impedance until valid data appears at the output 
at access time. Device access time, tacc, will be the 
longest of the following four calculated intervals: 

* trac 

@ RAS to +CAS delay (trop) + tcac 

@ RAS to column address delay (trap) + taa 

@ RAS to OE delay + toca 


Access times from RAS (trac), from CAS (tcac), from 
the column addresses (tga), and from OE (toga) are 
device parameters. The RAS-to-CAS, RAS-to-column 
address, and RAS-to-OE delays are system-dependent 
timing parameters. Output becomes valid after the 
access time has elapsed and it remains valid while both 
CAS and OE are low. Either CAS or OE high returns the 
output pins to high impedance. 


Write Cycle. A write cycle is executed by bringing 
(WB)WE_low low during the RAS/CAS cycle. The falling 
edge of CAS or (WB/)WE strobes the data on (W,JIO; 
into the on-chip data latch. To make use of the write- 
per-bit option, WB(/WE) must be low as RAS falls. In this 
case, write data bits can be specified by keeping 
W,(/0)) high, with setup and hold times referenced to 
the negative transition of RAS. 


For those data bits of W,(/lO;) that are kept low as RAS 
falls, write operation is inhibited on the chip. If WB(/WE) 
is high as RAS falls, the write-per-bit option is not used 
and a write cycle is executed for all four data bits. 


Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS falls. Data is strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for 
the entire cycle. As RAS falls, (DT)OE must meet the 
setup and hold times of a high DT, but otherwise 
(DT/)OE does not affect anything while CAS is active. 


Read-Write/Read-Modify-Write Cycle. This cycle is ex- 
ecuted by bringing (WB/)WE low with the RAS and CAS 
signals low. (Wj/)IO; shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
(W,)IO; returns to high impedance when (DT/)OE goes 
high. The data to be written is strobed by (WB/)WE, with 
setup and hold times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of (DT)OE, which can be activated just after (WB/))WE 
falls, even when (WB/WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 512 row ad- 
dresses (Ap through Ag) will refresh all storage cells. Any 
read, write, refresh, or data transfer cycle executed in 
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the random access port refreshes the 2048 bits se- 
lected by the RAS addresses or by the on-chip address 
counter. 


RAS-Only Refresh Cycle. A cycle having only RAS 
active refreshes all cells in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
(W,/)IO; in high impedance. This method is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data 
outputs may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 


CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip circuitry. When- 
ever CAS is low as RAS falls, the row addresses speci- 
fied by the internal counter are automatically refreshed 
and the circuit operation based on CAS is maintained 
in a reset state. When internal refreshing is complete, 
the address counter automatically increments in prep- 
aration for the next CAS before RAS cycle. 


Hidden Refresh Cycle. This cycle is executed after a 
read cycle, without disturbing the read data_output. 
Once valid, the data output is controlled by CAS CAS and 
OE. After the read cycle, C/ CAS is held low while RAS goes 
high for precharge. A RAS-only cycle is then executed 
(except that CAS is held at a low level instead of a high 
level) and the data output remains valid. Since hidden 
refreshing is the same as CAS before RAS refreshing, 
the data output remains valid during either operation. 


Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. Maintain- 
ing RAS low while successive CAS cycles are executed 
causes data to be transferred at a faster rate because 
row addresses are maintained internally and do not 
have to be reapplied. In fast-page operation, read, 
write and read-write/read-modify-write cycles may be 
executed. Additionally, the write-per-bit control speci- 
fied in the entry write cycle is maintained throughout 
the next fast-page write cycle. 


During a fast-page read cycle, (Wj/)IO; remains in high 
impedance until valid data appears at the output pin at 
access time. Device access time in this cycle will be one 
of the following calculated intervals: 


Fast-Page Access Time 


Calculated Interval Conditions 
tacp tasc 2 top and tcp <= top (max) 
taA tasc = tasc (max) and top = top (max) 


tasc = tcp and top < top (max) 


toac tasc = tasc (max) and tcp < tcp (max) 


3-51 





pPD42273 


NEC 





Data Transfer Cycle. A data transfer is executed by 
bringing DT(/OE) low as RAS falls. DT(/OE) must be low 
for a specified time, measured from RAS and CAS. The 
specified 1 of the possible 512 rows involved in the data 
transfer, as well as the starting location of the following 
serial read cycle, are defined by address inputs. The 
low-to-high transition of DT causes column address 
buffer outputs to be transferred to the serial address 


counters, and storage cell data amplified on digit lines 


to be transferred to the data register RAS and CAS 
must be low during these operations to keep the datain 
the random access port. 


Serial Read Port 


After the data transfer cycle, the serial read port is only 
used to serially read the contents of the data register 
starting from a specified location. The only condition 


under which the serial read port must synchronize with 
the random access port is when the positive transition 
of DT(/OE) must occur within.a specified period in an 
SC cycle. Otherwise, the serial read port can operate 
asynchronously. Output data appears at SO; after an 
access time of tgca, measured from SC high, only when 
SOE is maintained low. The SC cycle which includes the 
positive transition of DT(/OE) shows old data inthe data 
register; subsequent SC cycles show new data trans- 
ferred to the data register serially and in a looped 
manner. The serial output is maintained until the next 
SC signal is activated. SOE controls the impedance of 
the serial output to allow multiplexing of more than one 
bank of PD42273 graphics buffers into the same ex- 
ternal circuitry. When SOE is at a low logic level, SO; is 
enabled and the proper data is read. When SOE is high, 
SO; is disabled and in a state of high impedance. 








Power Supply Current 
Ta = Oto +70°C; Vog = +5.0 V +10%; GND = OV 
Port Operation pPD42273-10 4PD42273-12 
Random Access Serial Read Parameter (max) (max) Unit Test Conditions 
Read/write cycle Standby loos 95 85 mA _ RAS, CAS cycling; tag = tae min; 
; SOE = Viyi SC = Viy or Vit 
Standby Standby lece 4 4 mA CAS = RAS = Vix; SOE =. Vip; 
SC = Vin or Vit 
RAS-only réfresh cycle Standby locs 95 85 mA RAS cycling; CAS = Vix; tac = tac min; 
SOE = Viyi SC = Vip or Viz (Note 2) 
Fast-page cycle Standby loca 90 80 mA RAS = Vy; CAS cycling; tpc = tpco min; 
, SOE = Viy; SC = Viq or Vii (Note 3) 
CAS before RAS Standby locs 95 85 mA CAS low as RAS falls; tao = tao min; 
refresh cycle SOE = Vip; SC = Viq or Vit 
Data transfer cycle Standby loce 135 120 mA . DT lowas RAS falls; tao = tao min; 
#8 ee . SOE = Vin; SC = Vin or Vit 
Read/write cycle Active loc7 120 105 mA RAS and CAS cycling; tac = tao min 
SOE = Vj; SC cycling; tscco = tscco min 
Standby Active locs 30 25 mA CAS = RAS =:Vyy; SOE = Vy; 
SC cycling; tsoc = tscco min 
RAS-only refresh cycle Active loog _ 120 105 mA RAS cycling; CAS = Vin; tac = tac min; 
; ‘ SOE = Viz; SC cycling; tsco = tscco min 
Fast-page cycle Active loci0 115 100 mA — RAS = Vi; CAS cycling; tpo = tp min; — 
SOE = Vi; SC cycling; tsec = tscc min 
“(Note 3) 
CAS before RAS Active loci 120 ‘105 mA CAS low as RAS falls; tao = tac min; 
refresh cycle SOE = Vi,; SC cycling; tg¢c = tscco min 
Data transfer cycle Active loci2 Ct (ité‘é!;C«*t CO 140 mA DT low as RAS falls; tao = tao min; 


SOE = Viz; SC cycling; tgo¢ = tgoc¢ min 


Notes: 


(1) No load on 10; or SO). Except for loca, loos, locg, and loc14, real 
values depend on output loading in addition to cycle rates. 


(2) CAS is not clocked, but is kept at a stable high level. Column 
addresses are also assumed to be at a stable high or low level. 
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DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V +10%; GND = OV 








Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current hie —10 10 HA Vin = Oto 5.5 V; all other pins not under test = 0 V 
Output leakage current lo -10 10 LA Dout (10;, SO) disabled; VoyT = 0 to 5.5V 
Random access port output voltage, high = Vonr) 2.4 V lon(r) = -2 mA 
Random access port output voltage, low VoL(R) 0.4 V loL(r) = 4.2 mA 
Serial read port output voltage, high VoH(s) 2.4 V lon(s) = ~1 mA 
Serial read port output voltage, low Vous) 0.4 V lors) = 2.1 mA 
AC Characteristics 
Ta = Oto +70°C; Veo = +5.0V +10%; GND = OV 
pPD42273-10 pPD42273-12 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Switching Characteristics 
Access time from RAS trac 100 120 ns (Notes 3, 4 and 12) 
Access time from falling edge of CAS toac 25 30 ns (Notes 3, 4, 13, 14 and 15) 
Access time from column address taa 55 65 ns (Notes 3, 4, 14 and 15) 
Access time from rising edge of CAS tacp 55 65 ns (Notes 3 and 4) 
Access time from OE toEA 25 30 ns (Notes 3 and 4) 
Serial output access time from SC tsca 30 40 ns (Notes 3 and 18) 
Serial output access time from SOE tsoa 25 30 ns (Note 3) 
Output disable time from CAS high torr 0 25 0 30 ns (Note 5) 
Output disable time from OE high toEz 0 25 0 30 ns (Note 5) 
Serial output disable time from SOE high —tgg7 0 15 0 20 ns (Note 5) 
SOE low to serial output setup delay tsoo 5 5 ns 
Serial output hold time after SC high tsoH 5 5 ns 
Timing Requirements 
Random read or write cycle time tro 190 220 ns (Note 11) 
Read-write/read-modify-write cycle time tawe 255 295 ns (Note 11) 
Fast-page cycle time tpc 60 70 ns (Note 11) 
Fast-page read-write/read-modify-write tprpwec 125 145 ns (Note 11) 
cycle time 
Rise and fall transition time tr 3 50 3 50 ns (Notes 3, 10 and 18) 
RAS precharge time trp 80 90 ns (Note 18) 
RAS pulse width tras 100 10,000 120 10,000 ns 
Fast-page RAS pulse width tRasP 100 100,000 120 100,000 ns 
RAS hold time trsH 25 30 ns 
CAS precharge time (nonpage cycle) tcopn 10 15 ns 
Fast-page CAS precharge time top 10 25 15 30 ns 
CAS pulse width toas 25 10,000 30 10,000 ns 
CAS hold time tosy 100 120 ns 
RAS to CAS delay trop ~ 25 75 25 90 ns _—_ (Note 4) 
CAS high to RAS low precharge time torp 10 10 ns (Note 16) 
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AC Characteristics (cont) 








p»PD42273-10 pPD42273-12 
Parameter Symbol = Min Max Min = Max Unit. Test Conditions 
Timing Requirements (cont) 
Row address setup time tase ie) 0 ns 
Row address hold time than 12 15 ns 
Column address setup time tasc 0 25 0 ' 30 ns (Note 15) 
Column address hold time tcoaH 15 20 ns 
RAS to column address delay time ’ trap 17 45 20 55 ns (Notes 9 and 14) 
Column address to RAS lead time tRAL 55 65 ns 
Read command setup time taos c¢) 0 ns 
Read command hold time after RAS high teRH 10 10 ns (Note 6) 
Read command hold time after CAS high troH 0 0 ns (Note 6) 
Write command setup time twos 0 0 ns (Note 7) 
Write command hold time twou 20 30 ns 
Write command pulse width twp 20 25 “ns (Note 17) 
Write command to RAS lead time tAWL 30 35 ns 
Write command to CAS lead time tow. 30 35 ns 
Data-in setup time © tps 0 0 ns (Note 8) 
Data-in hold time tDH 20 25 ns (Note 8) 
Column address to WE delay tawp 85 100 ns (Note 7) 
CAS to WE delay towo 55 65 ns _— (Note 7) 
RAS to WE delay trwp 130 155 ns (Note 7) 
OE high to data-in setup delay toeD 30 35 ns 
OE high hold time after WE low toeH 25 30 ns 
CAS before RAS refresh setup time _ tesr 0 0 ns 
CAS before RAS refresh hold time tcuR 15 20 ns 
RAS high to CAS low precharge time trpec 0 0 ns 
Refresh interval treF 8 8 ms Addresses Apo through Ag 
DT low setup time toLs 0 0 ns 
DT low hold time after RAS low troy 80 90 ns _—_ (Note 18) 
DT low hold time after CAS low topH 30 35 ns 
SC high to DT high delay tspp 10 15 ns 
SC low hold time after DT high tspH 10 15 ns 
Serial clock cycle time tscc 30 40 ns (Note 11) 
SC pulse width tscH 10 15 ns 
SC precharge time tscL 10 15 ns 
DT high setup time tps 0 0 ns 
DT high hold time toHH 15 20 ns 
DT high to RAS high delay torr 10 10 ns 
DT high to CAS high delay toto 5 5 ns 
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AC Characteristics (cont) 














#PD42273-10 pPD42273-12 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Timing Requirements (cont) 
OE to RAS inactive setup time toEs 10 10 ns 
Write-per-bit setup time twes 0 0 ns 
Write-per-bit hold time twBH 15 20 AS 
Write bit selection setup time tws 0 0 ns 
Write bit selection hold time twH 15 20 ns 
SOE pulse width tsoE 10 15 ns 
SOE precharge time tsop 10 15 ns 
DT high hold time after RAS high toTH 15 20 ns 
Notes: ; 
(1) All voltages are referenced to GND. (11) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(2) An initial pause of 100 ps is required after power-up, followed by (Ta = 0 to +70°C) is assured. 
any eight RAS cycles and four data transfer (DT) cycles, before 
proper device operation is achieved. (12) Assumes that tacp = trop (max) and trap < trap (max). If 


; if 2 trop or trap is greater than the maximum recommended value 
(8) See inputoutput timing waveforms for timing reference volt- in this table, tac increases by the amount that tacp oF trap 
ages. See figures 3 and 4 for output loads. exceeds the value shown. 


(4) Operation within the tacp (max) limit ensures that trac (max) 13) Assumes that tran t max) and t <t max). 
can be met. The tacp (max) limit is specified as a reference point ie ReD> frcp (max) i ; RAD (max) 
only. If taop is greater than the specified taop (max) limit, (14) 'ftrap = trap (max), then the access time is defined by tag. 





-access time is controlled exclusively by toac, toga, OF tan: (15) For fast-page read operation, the definition of access time is as 
(5) An output disable time defines the time at which the output follows. 

achieves the open-circuit condition and is not referenced to 

output voltage levels. CAS and Column Address Access 

: ae Input Conditions Time Definition 

(6) Either tary or taoy must be satisfied for a read cycle. eo 
(7) twos, tawp, tewp» and tawp are restrictive operating parame- Hop > ep Or iaser top, ACR, 

ters in read-write and read-modify-write cycles only. If twos = top = tcp (max), tasc S top taa 


t (min), the cycle is an early write cycle and the data output Cee Mees G atta at A Ge — ee an eae ee 
sali ramaii open-circuit throughout the entire cycle. If tawp = top = top (max), tasc Stasc (max) AA 
tawp (min), tewo = tcwp (min), and tawp = trwp (min), the top = tcp (max), tasc = tasc (max) tcac 
cycle is a read-write cycle and the data output will contain data 
read from the selected cell. If neither of the above conditions is 
met, the condition of the data out (at access time and until CAS 
returns to Vj) is indeterminate. (17) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twon must be met. 


(16) The torp requirement is applicable for RAS/CAS cycles pre- 
ceded by any cycle. 


(8) These parameters are referenced to the falling edge of CAS in 
early write cycles and to the falling edge of (WB/)WE in delayed 
write or read-modify-write cycles. (18) Improvement in parameters tapy, tap and tgca are planned for 

process versions “x” and “m”. Please contact your NEC sales 


(9) Assumes that trap (min) = tray (min) + typical ty of 5 ns. office tor detalla: 


(10) Vin (min) and Vi_ (max) are reference levels for measuring the 
timing of input signals. Additionally, transition times are mea- 
sured between Viy and Vj. 


(19) Ac measurements assume t7 = 5 ns. 
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Figure 1. Input Timing 





Figure 3. Output Load in Random Access Port 





Figure 4. Output Load in Serial Read Port 
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Timing Waveforms 


Read Cycle 
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Wo /lO9 
W3/lO3g 





83YL-7290B 





3-57 


pPD42273 NE Cc 


Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Late Write Cycle 






Address 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 





RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


Address 


High Impedance 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Data Transter Cycle with Serial Port Active 
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Timing Waveforms (cont) 


Data Transfer Cycle with Serial Port in Standby 


Address 


High Impedance 
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Timing Waveforms (cont) 


Serial Read Cycle 
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Description 


The pPD42274 is a dual-port graphics buffer equipped 
with a 256K x 4-bit random access port and a 512 x 4-bit 
serial read port. The serial read port is connected to an 
internal 2048-bit data register through a 512 x 4-bit 
serial read output circuit. The random access port is 
used by the host CPU to read or write data addressed in 
any desired order. A write-per-bit capability allows 
each of the four data bits to be individually selected or 
masked for a write cycle. Furthermore, a flash write 
option with write-per-bit control enables data in the 
color register to be written to a selected row in the 
random access port. 


The uPD42274 features fully asynchronous dual ac- 
cess, except when transferring stored graphics data 
from a selected row of the storage array to the data 
register. During a data transfer, the random access port 
requires a special timing cycle using a transfer clock; 
the serial read port continues to operate normally. 
Following the clock transition of a data transfer, serial 
output data changes from an old line to a new line and 
the starting location on the new line is addressable in 
the data transfer cycle. 


An advanced CMOS silicon-gate process using poly- 
cide technology and trench capacitors provides high 
storage cell density, high performance, and high reli- 
ability. 


Refreshing is accomplished by means of RAS-only 
refresh cycles or by normal read or write cycles on the 
512 address combinations of Ag through Ag during an 
8-ms period. Automatic internal refreshing, by means 
of either hidden refreshing or the CAS before RAS 
timing and on-chip internal refresh circuitry, is also 
available. The transfer of a row of data from the storage 
array to the data register also refreshes that row auto- 
matically. 


All inputs and outputs, including clocks, are TTL- 
compatible. All address and data-in signals are latched 
on-chip to simplify system design. Data-out is un- 
latched to allow greater system flexibility. 


The pPD42274 is available in a 28-pin plastic ZIP or 
28-pin plastic SOJU and is guaranteed for operation at 0 
to + 70°C. 


puPD42274 
Dual-Port Graphics Buffer 


Features 


QO Three functional blocks 
— 256K x 4-bit random access storage array 
— 2048-bit data register 
— 512 x 4-bit serial read output circuit 
Two data ports: random access and serial read 
Dual-port accessibility except during data transfer 
Addressable start of serial read operation 
Real-time data transfer 
Single + 5-volt +10% power supply 
On-chip substrate bias generator 
Random access port _ se 
— Two main clocks: RAS and CAS 
— Multiplexed address inputs 
— Direct connection of I/O and address lines 
allowed by OE to simplify system design 
— 512 refresh cycles every 8 ms 
— Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and fast-page 
cycles 
— Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter 
— CAS-controlled hidden refreshing 
— Write-per-bit option regarding four I/O bits 
— Write bit selection multiplexed on IO9-IO3 
QO Flash write option with write-per-bit control 
0 RAS-activated data transfer 
— Same cycle time as for random access 
— Row data transferred to data register as 
specified by row address inputs 
— Starting location of following serial read cycle 
specified by column address inputs 
— Transfer of 2048 bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT | 
— Data transfer during real-time operation or 
standby of serial port 
QO Fast serial read operation by means of SC pins 
O Serial data output on SQ9-SO3 
QO Direct connection of multiple serial outputs for 
extension of data length 
O Fully TTL-compatible inputs, outputs, and clocks 
O Three-state outputs for random and serial access 
© CMOS silicon-gate process with trench capacitors 


ooao0nooagcmuo oo 


New speed of 80 ns will be available in 1991. 


60030 
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Ordering Information Pin Configurations 
: Row Access Serlal Access . 

PartNumber Time (max) Time (max) Package 28-Pin Plastic SOJ 
#PD42274LE-10  100ns 30 ns 28-pin plastic SOJ 

LE-12 120 ns 40 ns 
pw PD42274V-10 100 ns 30ns . 28-pin plastic ZIP 

V-12 120 ns 40 ns 
Pin Identification bea wene he 
Symbol . Function bed 
Ao- Ag Address inputs 
Wo/lOo - Wa/lO3 Write-per-bit selects/data inputs and outputs 
RAS Row address strobe 
CAS Column address strobe 
WB/WE Write-per-bit/write enable 
Di/OE Data transfer/output enable SSH SORA 
FWE Flash write enable 
So - SOg Serial read outputs 
sc Serial control 
SOE Serial output enable 
GND af Ground 
Voc +5-volt +10% power supply 
NC No connection 





Absolute Maximum Ratings 
Voltage on any pin except Voc 





relative to GND, Vay -1.0 to +7.0V 
Voltage on Vo¢ relative to GND, Vro -1.0 to +7.0V 
Operating temperature, Topa ; ‘ 0 to +70°C 
Storage temperature, Tstg -55 to + 125°C — 
Short-circuit output current, los 50 mA 
Power dissipation, Pp 15W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 
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Pin Functions 


Ao-Ag (Address Inputs). These pins are multiplexed as 
row and column address inputs. Each of four data bits in 
the random access port corresponds to 262,144 storage 
cells, which means that nine row addresses and nine 
column addresses are required to decode one cell loca- 
tion. Nine row addresses are first used to select one of 
the 512 possible rows for a read, write, data transfer, or 
refresh cycle. Nine column addresses are then used to 
select the one of 512 possible column decoders for a 
read or write cycle or the one of 512 possible starting 
locations for the next serial read cycle. (Column ad- 
dresses are not required in RAS-only refresh or flash 
write cycles.) 


Wo/IOo-W3/lO3 (Write-Per-Bit Inputs/Common Data 
Inputs and Outputs). Each of the four data bits can be 
individually latched by these inputs at the falling edge of 
RAS in a write or flash write cycle, and then updated at 
the next falling edge of RAS. 


In a read cycle, these pins serve as outputs for the 
selected storage Cells. In a write cycle, data input_on 
these pins is latched by the falling edge of CAS or WE. 


RAS (Row Address Strobe). This pin is functionally 
equivalent to a chip enable signal in that whenever it is 
activated, the 2,048 storage cells of a selected row are 
sensed simultaneously and the sense amplifiers restore 
all data. The nine row address bits are latched by this 
signal and must be stable on or before its falling edge. 
CAS, DT/OE, WB/WE, and FWE are simultaneously 
latched to determine device operation. 


CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder and 
the input/output buffers. The nine column address bits 
are latched at the falling edge of CAS. 


pPD42274 


WB/WE (Write-Per-Bit Control/Write Enable). At the 
falling edge of RAS, the WB/WE and FWE inputs must be 
low and CAS and DT/OE high to enable the write- per-bit 
option. When CAS, DT/OE and FWE are high at the falling 
edge of RAS, the level of this signal indicates either a 
color register set cycle or flash write cycle. A high 
WB/WE can be used at the beginning of a standard write 


or read cycle. 


DT/OE (Data Transfer/Output Enable). At the falling 
edge of RAS, CAS high and FWE and DT/OE low initiate 
a data transfer, regardless of the level of WB/WE. DT/OE 
high initiates conventional read or write cycles and 


controls the output buffer in the random access port. 


FWE (Flash Write Enable). If this signal is low and CAS 
and DT/OE are high at the falling edge of RAS, a read or 


write cycle is initiated. If FWE, CAS and DT/OE are high at 


the falling edge of RAS, either a color register set cycle or 
flash write cycle is initiated, depending on the level of 
WB/WE. 

$Qo-SO3 (Serial Data Output). Four-bit data is read 
from these pins. Data remains valid until the next SC 
signal is activated. 


SC (Serial Control). Repeatedly activating this signal 
causes serial read cycles (starting from the location 
specified in the data transfer cycle) to be executed 
within the 2,048 bits in the data register The rising edge 
of SC activates serial read operation, in which four of the 
2,048 data bits are transferred to four serial data buses, 
respectively, and read out. Whenever SC is low, the serial 
port is in standby. 


SOE (Serial Output Enable). This signal controls the 
serial data output buffer. 
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Block Diagram 
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OPERATION 


The »PD42274 consists of a random access port and a 
serial read port. The random access port executes 
standard read and write cycles as well as data transfer 
and flash write cycles, all of which are based on conven- 
tional RAS/CAS timing. 


In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously through a 
transfer gate to its corresponding register location (un- 
less the flash write option is used to write an entire row 
of data to predetermined values). The serial read port 
shows the contents of the data register in serial order. 
The random access and serial read ports can operate 
asynchronously, except when the transfer gate is turned 
on during the data transfer period. 
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Addressing 


The storage array is arranged in a 512-row by 2048- 
column matrix, whereby each of 4 data bits in the 
random access port corresponds to 262,144 storage 
cells and 18 address bits are required to decode one cell 
location. Nine row address bits are set up on pins Ag 
through Ag and latched onto the chip by RAS. Nine 
column address bits then are set up on pins Ap through 
Ag and latched onto the chip by CAS. All addresses must 
be stable, on or before the falling edges of RAS and CAS. 
Whenever RAS is activated, 2048 cells on the selected 
row are sensed simultaneously and the sense amplifiers 
automatically restore the data. CAS serves as a chip 
selection signal to activate the column decoder and the 
input and output buffers. 


NEC 
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Through 1 of 512 column decoders, 4 storage cells on 
the row are connected to 4 data buses, respectively. Ina 
data transfer cycle, 9 row address bits are used to select 
1 of the 512 possible rows involved in the transfer of data 
to the data register. Nine column address bits are then 
used to select the 1 of 512 possible serial decoders that 
corresponds to the starting location of the next serial 
read cycle. In the serial read port, when SC is activated, 
4 data bits in the 2048-bit data register are transferred to 
4 serial data buses and read out. Activating SC repeat- 
edly causes serial read cycles (starting from the loca- 
tion specified in the data transfer cycle) to be executed 
within the 2048 bits in the data register. 


Random Access Port 


An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. To reduce 
the number of pins, the following are multiplexed. 

e DIV/OE 

e WB/WE 

@ W/O; (i = 0, 1, 2, 3) 

The OE, WE and IO; functions represent standard oper- 
ations, while DT, WB, and W; are special inputs to be 
applied in the same way as row address inputs, with 
setup and hold times referenced to the negative transi- 
tion of RAS. 


The level of DT determines whether a cycle is a random 
access operation or a data transfer operation. WB af- 
fects only write cycles and determines whether or not 
the write-per-bit capability is used. W; defines data bits 
to be written with the write-per-bit option. In the follow- 
ing discussions, these multiplexed pins are designated 
as DT(/OE), for example, depending on the function 
being described. 


To use the uPD42274 for random access, DT(/OE) must 
be high as RAS falls. Holding DT(/OE) high disconnects 
the 2048-bit register from the corresponding 2048-digit 
lines of the storage array. Conversely, to execute a data 
transfer, DT(/OE) must be low as RAS falls to open the 
2048 transfer gates and transfer data from one of the 
rows to the register. 


CAS DIOE WB/WE FWE 


Truth Table for the Random Access Port 
Cycle 


H H H L Read or write (Note 1) 

H H L L Mask write (Note 2} 

H L xX L Read data transfer (Note 3) 

H L H H 

L xX X X CAS before RAS refresh (Note 4) 
H H H H Color register set (Note 5) | 
H H L H Flash write/write-per-bit (Note 6) 
Notes: 


(1) Initiates a normal read or write cycle and disables the write-per- bit 
capability. 

Enables the write-per-bit capability, where individual bits can be 
selected or masked for a write cycle. Four-bit masked data is 
latched at the falling edge of RAS and reset at the rising edge of 
RAS. 


Initiates a read data transfer cycle. 


Initiates a CAS before RAS refresh cycle. As RAS falls, WB/WE, 
DT/OE and FWE = don't care. 


Defines a color register set cycle, where data in the register can 
be accessed in a read or write cycle. 


(2 


~~ 


(3 
(4 


wwe 


(5 


~ 


(6) Initiates a flash write cycle, where the storage cells on an entire 


selected row can be set with write-per-bit control to the same data 
stored in the color register. As RAS falls, DOE = don't care. To 
avoid un-intended flash write operation, the FWE pin should be 
grounded. If grounding the FWE pin is not possible, use the 
non-flash write version uPD42273. 


(7) X = don’t care. 


Read Cycle. A read cycle is executed by activating RAS, 
CAS, and OE and by maintaining (WB/)WE while CAS is 
active. The (W,/)IO; pin (i = 0, 1, 2, 3) remains in high 
impedance until valid data appears at the output at 
access time. Device access time, tacc, will be the 
longest of the following four calculated intervals: 

© trac 

@ RAS to +CAS delay (trcp) + tcac 

@ RAS to column address delay (trap) + taa 

@ RAS to OE delay + toga 


Access times from RAS (trac), from CAS (tcc), from the 
column addresses (tga), and from OE (toga) are device 
parameters. The RAS-to-CAS, RAS-to-column address, 
and RAS-to-OE delays are system-dependent timing 
parameters. Output becomes valid after the access time 
has elapsed and it remains valid while both CAS and OE 
are low. Either CAS or OE high returns the output pins to 
high impedance. 


~~ 
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Write Cycle. A write cycle is executed by bringing 
(WB/)WE low during the RAS/CAS cycle. The falling edge 
of CAS or (WB/)WE strobes the data on (W;/)I0; into the 
on-chip data latch. To make use of the write-per-bit 
option, WB(/WE) must be low as RAS falls. In this case, 
write data bits can be specified by keeping W,(/IO;) high, 
with setup and hold times referenced to the negative 
transition of RAS. 


For those data bits of W,(/IO,) that are kept low as RAS 
falls, write operation is inhibited on the chip. If WB(/WE) 
is high as RAS falls, the write-per-bit option is not used 
and a write cycle is executed for all four data bits. 


Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS falls. Data is strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for the 
entire cycle. As RAS falls, 3, (DT/)OE must meet the setup 
and hold times of a high DT, but otherwise (DT/)OE does 
not affect any circuit operation while CAS is active. 


Read-Write/Read- ~Modify-Write Cycle. Thi is cycle i is ex- 
ecuted by bringing (WB/)WE low with the RAS and CAS 
signals low. (Wj/)IO; shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
(Wj/)10; returns to high impedance when (DT)OE goes 
high: The data to be written is strobed by (WB/)WE, with 
setup and hold times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of (DT/)OE, which can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 512 row addresses 
(Ao through Ag) will refresh all storage cells. Any cycle 
executed in the random access. port (i.e., read, write, 
refresh, data transfer, color register set, or flash write) 
refreshes the 2048 bits selected by the RAS addresses or 
by the on-chip refresh address counter. 


RAS-Only Refresh Cycle. A cycle having only RAS 
active refreshes all cells in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
(W;/)I0; in high impedance. This method is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data out- 
puts may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 
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CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RAS falls, this circuitry auto- 
matically refreshes the row addresses specified by the 
internal counter. In this cycle, the circuit operation based 
on CAS is maintained in a reset state. When internal 
refreshing is complete, the address counter automati- 
cally increments in preparation for.the next CAS paler 
RAS cycle. 


Hidden Refresh Cycle. This cycle is executed after a 
read cycle, without disturbing the read data output. Once 
valid, the data output is controlled by CAS and OE. After 
the read cycle, CAS is held low while RAS goes high for 
precharge. A RAS-only cycle is then executed (except 
that CAS is held at a low level instead of a high level) and 
the data output remains valid. Since hidden refreshing is 
the same as CAS before RAS refreshing, the data output 
remains valid during either operation. 


Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. Maintain- 
ing RAS low while successive CAS cycles are executed 
causes data to be transferred at a faster rate because 
row addresses are maintained internally and do not have 
to be reapplied. In fast-page operation, read, write and 
read-write/read-modify-write cycles may be executed. 
Additionally, the write-per-bit control specified in the 
entry write cycle is maintained throughout the next 
fast-page write cycle. 


During a fast- “page read cycle, the (W;/)IO; data pin (i= 

1, 2, or 3) remains in a state of high impedance until a 
data appears at the output pin at access time. Device 
access time in this cycle will be one of the following 
calculated intervals: 


Fast-Page Access Time 


Calculated Interval — Conditions 
tacp tasc = tcp and tcp = tcp (max) 
taa tasc = tasc (max) and tcp = tcp (max) 
tasc = tcp and tcp = tcp (max) 


tcac tasc = tasc (max) and tcp = tcp (max) 


NEC 


Data Transfer Cycle. A data transfer is executed by 
bringing DT(/OE) and FWE low as RAS falls. The speci- 
fied 1 of the possible 512 rows involved in the data 
transfer, as well as the starting location of the following 
serial read cycle in the serial read port, are defined by 
address inputs. DT(/OE) must be low for a specified time, 
measured from RAS and CAS, so that the data transfer 
condition may be satisfied. The low-to-high transition of 
DT causes two operations through the data transfer 
gates: column address buffer outputs are transferred to 
the serial address counters, and storage cell data ampli- 
fied on digit lines is transferred to the data register. RAS 
and CAS must be low during these operations to keep 
the data in the random access port. 


Color Register Set Cycle. A color register set cycle is 
executed in the same fashion as a conventional read or 
write cycle, with the level of WE high as RAS falls. In this 
cycle, read or write operation is available to the color 
register under the control of WE. In read operation, color 
register data is read out on the common IQ; pins. In write 
operation, common IO; data can be written into the color 
register. RAS-only refreshing is internally performed on 
the row selected by Ag through Ag in this cycle. 


Flash Write Cycle. A flash write cycle can clear or set 
each of the four 512-bit data sets on the one row selected 
from among the 512 possible rows according to data 
stored in the color register. Bit mask inputs are latched 
as RAS falls. This cycle is useful in graphics processing 
applications when the screen should be cleared or set to 
some uniform value as quickly as possible. 


Serial Read Port 


The serial read port is only used to serially read the 
contents of the data register starting from a specified 
location. The entire operation, therefore, follows the data 
transfer cycle. The only condition under which the serial 
read port must synchronize with the random access 
port is when the positive transition of DT(/OE) must 
occur within a specified period in an SC cycle. Except for 
this cycle, the serial read port can operate asynchro- 
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nously. The output data appears at SQ; after an access 
time of tsca, measured from SC high, only when SOE is 
maintained low. The SC cycle which includes the posi- 
tive transition of DT(/OE) shows old data in the data 
register; subsequent SC cycles show new data trans- 
ferred to the data register serially and in a looped 
manner. The serial output is maintained until the next SC 
signal is activated. SOE controls the impedance of the 
serial output to allow multiplexing of more than one bank 
of »PD42274 graphics buffers into the same external 
circuitry. When SOE is at a low logic level, SO; is enabled 
and the proper data is read. When SOE is at a high logic 
level, SO; is disabled and in a state of high impedance. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 4.5 5.0 | 5.5 Vv 
Input voltage, low Vit -1.0 0.8 Vv 
Ambient temperature = Ty 0 70 °C 


Capacitance 
Ta = 0 to +70°C; Vog = +5.0V +10%; f = 1 MHz; GND = OV 


Parameter Symbol Limit (max) Unit Pins Under Test 
Input - Cia) 5 PF Ao through Ag 
capacitance CTS 8 pF DYWOE 

C\wa/we) 8 pF WB/WE 

Ci(Fwe) 8 pF FWE 

C\(RAS) 8 pF RAS 

CCAS) 8 pF CAS 

C\(SOE) 8 pF SOE 

Cisc) 8 pF SC 
Inputfoutput Cio qwic) 7 PF W)/IOg through W3/lOg 
capacitance 
Output Co (s0) 7 pF SQpo through SO3 
capacitance 
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Power Supply Current 
Ta = Oto. +70°C; Voc = +5.0 V 10%; GND = OV 


Port Operation 

















Random "  wPD42274-10°  pPD42274-12 : 
Access Serial Read Parameter _ (max) ; (max). Unit Test Conditions 
Read/write Standby loos 9 85 mA _ RAS, CAS cycling; FWE low as RAS falls; 
cycle ‘ ae tac = tac min; SOE = Viy; SC-= Vay orVit |: 
Standby Standby loce 4 4 mA CAS = RAS = Vy; SOE = Vip; 
‘ a F an SC = Vin or VIL 
RAS- only Standby loos SS 85 mA RAS cycling; CAS = Vy; FWE low as RAS falls; 
refresh cycle . tac = tac min; SOE = Vjy; SC = Vyy or Vit 
(Note 2) 7 
Fast-page cycle Standby loca 90 80 mA RAS = Vit; CAS cycling; tpg = tpo min ; SOE 
= Vip; SC = Vix or Vi. (Note 8) 
CAS before - Standby — Iocs- 95 85 mA CAS low as RAS falls; tag = tac min; 
RAS refresh. 1 SOE = Viy; SC = Vyy or Vit 
cycle ; e ; 
Datatransfer © Standby loce 135 120 mA DT lowas RAS falls; tag = tao min; 
cycle . SOE = VyH; SC = Vip OF Vi 
Read/write Active loo7 120 . 105 mA _ RAS and CAS cycling; FWE low as RAS falls; 
cycle taco = tac min SOE = Vj; SC cycling; 
tgcc = tscc min 
Standby Active locs 30 25 mA CAS = RAS = Viq; SOE = Vi; SC cycling; 
tsco = tsoc min 
RAS- only - Active Iodg - 120 105 mA _ RAS cycling; CAS = V\y; FWE low as RAS falls; 
refresh cycle — tac = tac min; SOE = Vi; SC cycling; 
tscc = tscc min 
Fast-page cycle Active locio 115 100 mA RAS = Vj; CAS cycling; tpg = tpo,min ; SOE 
= ViL; SC cycling; tgcc = tgcoc min (Note 3) 
CAS before Active loci 120 105 “mA — GAS low as RAS falls; tag = tac min; 
RAS refresh a SOE = Vj,; SC cycling; tg¢¢g = tsco min 
cycle - ; : 
Data transfer Active loc12 160 140 mA DT lowas RAS falls; tao = trac min; SOE = Vy; 
cycle SC cycling; tscco = tscco min 
Color register Standby looi3 95 85 mA» FWE and WB/WE high as RAS falls; 
setcycle =; tac = trac min; SOE = Viy; SC = Vyy or Vi 
Flash write — Standby loo14 a 85 mA  FWE high and WB/WE low as RAS falls; 
cycle : tac:= tac min; SOE = Viy; SC = Viy or Vi 
Color register Active Ioo15s 120 105 mA FWE and WBWE high as RAS falls; tac = tac 
set cycle min; SOE = Vi; SC cycling; tscc = tscc min 
Flash write Active locte 120 105 iA FWE high and WB/WE low as RAS falls; 
cycle tac = tac min; SOE = Vj; SC cycling; 
tscc = tsco min 
Notes: 


(1) No load on IO; or SO;. Except for loca, loca: Ioce, and Ioo14, real 
values depend on output loading in addition to cycle rates. 


(2) CAS is not clocked, butis kept at a stable high level. The column 
addresses are also assumed to be kept stable, at either a high or 
low level. 


(8) A change in column addresses must not occur more than once in 
a fast-page cycle. 
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DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V +10%; GND = OV 





Parameter Symbol. Min Typ Max Unit Test Conditions 

Input leakage current lit -10 10 LA Vin = Oto 5.5 V; all other pins not under test = OV 
Output leakage current lo. -10 10 HA Dour (10;, SO) disabled; Voyt = 0 to 5.5V © 
Random access port output voltage, high VoH(r) 2.4 V loH(R) = -2 mA 

Random access port output voltage, low VoL(r) 0.4 V loL(R) = 4.2 mA 

Serial read port output voltage, high Vons) 2.4 V lon(s) = -1 mA 

Serial read port output voltage, low Vous) 0.4 V lorys) = 2.1 mA 


AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V +10%; GND = OV 





pPD42274-10 pPD42274-12 
Parameter Symbol Min Max Min Max Unit — Test Conditions 
Switching Characteristics 
Access time from RAS trac 100 120 ns (Notes 3, 4 and 12) 
Access time from falling edge of CAS toac 25 30 ns (Notes 3, 4, 13, 14 and 15) 
Access time from column address taa 55 65 ns (Notes 3, 4, 14’and 15) 
Access time from rising edge of CAS tacp 55 65 ns (Notes 3 and 4) 
Access time from OE toEA 25 30 ns (Notes 3 and 4) 
Serial output access time from SC tsca 30 "40 ns (Notes 3 and 18) 
Serial output access time from SOE tson 25 30 ns _—_ (Note 3) 
Output disable time from CAS high torr fs) 25 ) 30 ns (Note 5), 
Output disable time from OE high toez ) 25 0 30 ns (Note 5) 
Serial output disable time from SOE high tsoz 0 15 0 20 ns (Note 5) 
SOE low to serial output setup delay tso00 5 5 ns 
Serial output hold time after SC high tgon 5 5 ns . 
Timing Requirements 
Random read or write cycle time tro 190 220 ns (Note 11) 
Read-write/read-modify-write cycle time tawe 255 295 ns (Note 11) 
Fast-page cycle time tpc 60 70 ns (Note 11) 
Fast-page read-write/read-modify-write cycle tpawc 125 145 ns (Note 11) 
time 
Rise and fall transition time tr 3 50 3 50 ns (Notes-3, 10 and 18) 
RAS precharge time trap 80 90 ns (Note 18) 
RAS pulse width tras 100 10,000 120 10,000 ns 
Fast-page RAS pulse width trasp 100 100,000 120 100,000 ns 
RAS hold time tRsH 25 30 ns 
CAS precharge time (nonpage cycle) topn 10 15 ns 
Fast-page CAS precharge time top 10 25 15 30 ns 
CAS pulse width toas 25 10,000 30 10,000 ns 
CAS hold time tesu 100 120 ns 
RAS to CAS delay trop 25 75 2 90 ns (Note 4) 
CAS high to RAS low precharge time torp 10 10 ns (Note 16) 
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AC Characteristics (cont) 


Parameter 

Timing Requirements (cont) 
Row address setup time 

Row address hold time 

Column address setup time 
Column address hold time 

RAS to column address delay time 
Column address to RAS lead time 
Read command setup time 

Read command hold time after RAS high 
Read command hold time after CAS high 
Write command setup time 

Write command hold time 

Write command pulse width 

Write command to RAS lead time 
Write command to CAS lead time 
Data-in setup time 

Data-in hold time 

Column address to WE delay 

CAS to WE delay 

RAS to WE delay 

OE high to data-in setup delay 
OE high hold time after WE low 
CAS before RAS refresh setup time 
CAS before RAS refresh hold time 
RAS high to CAS low precharge time 
Refresh interval 

DT low setup time 

DT low hold time after RAS low 

DT low hold time after CAS low 
SC high to DT high delay 

SC low hold time after DT high 
Serial clock cycle time 

SC pulse width 

SC precharge time 

DT high setup time 

DT high hold time 

DT high to RAS high delay 

DT high to CAS high delay 

GE to RAS inactive setup time 
Write-per-bit setup time 
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Symbol © 


tasr 


’ tRAH 


tasc 
tcaH 
trap 
tRAL 
tacs 
taRH 
tRcoH 
twcs 
twcu 
twp 
taWL 
tow. 
tos 
tbH 
tawD 
tcwo 
tawp 
toeD 
toEH 
tcsr 
tcHR 
tapc 
ther 
toLs 
taDH 
tcbH 
tspp 
tspH 
tscc 
tscH 
tscL 
tpHs 
tbHH 
tptR 
totc 
toes 
twes 


Min 


12 


15 


glelslolgig/slslololalolg 


130 


25 


15 


80 


10 
10 


10 
10 


15 
10 


10 


#sPD42274-10 
Max 


25 


45 


15 


20 
20 
65 


10 


30 
25 
35 
35 


25 
100 
65 
155 
35 
30 


20 


90 
35 
15 
15 
40 
15 
15 


20 


10 


10 


_ »PD42274-12 
Max 


30 


55 


Unit. 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ms 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


NEC 


Test Conditions 


(Note 15) 

(Notes 9 and 14) 
(Note 6) 

(Note 6) 

(Note 7) 

(Note 17) 

(Note 8) 

(Note 8) 

(Note 7} 


(Note 7) 
(Note 7) 


Addresses Ap through Ag 


(Note 18) 


(Note 11) 
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AC Characteristics (cont) 
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Parameter Symbol Min Max Min Max Unit Test Conditions 
Timing Requirements (cont) 

Write-per-bit hold time twBH 15 20 ns 

Flash write enable setup time trws 0 ie) ns 

Flash write enable hold time trwH 15 20 ns 

Write bit selection setup time tws 0 0 ns 

Write bit selection hold time twH 15 20 ns 

SOE pulse width  tg0E 10 15 ns 

SOE precharge time tsop 10 15 ns 

DT high hold time after RAS high toTH 15 20 ns 





Notes: 
(1) All voltages are referenced to GND. 


(2) An initial pause of 100 is is required after power-up, followed by 
any eight RAS cycles and four data transfer (DT) cycles, before 
proper device operation is achieved. 


(3) See input/output timing waveforms for timing reference voltages. 
See figures 3 and 4 for output loads. 


(4) Operation within the tacp (max) limit ensures that trac (max) 
can be met. The tncp (max) limit is specified as a reference point 
only. Iftacp is greater than the specified trop (max) limit, access 
time is controlled exclusively by tcac, toga, oF taa: 


(5) An output disable time defines the time at which the output 
achieves the open-circuit condition and is not referenced to 
output voitage levels. 


(6) Either tarny or taoy must be satisfied for a read cycle. 


(7) twos: tawp: tcwo: 2nd tawp are restrictive operating parameter 
in read-write and read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If tawp = tawp 
(min), tcwp 2 tcwp (min), and tawp = tawp (min), the cycle is 
aread-write cycle and the data output will contain data read from 
the selected cell. If neither of the above conditions is met, the 
condition of the data out (at access time and until CAS returns to 
Vin) is indeterminate. 


(8) These parameters are referenced to the falling edge of CAS in 
early write cycles and to the falling edge of (WB/)WE in delayed 
write or read-modify-write cycles, 


(9) Assumes that trap (min) = tpay (min) + typical ty of S ns. 


(10) Vip (min) and Vy, (max) are reference levels for measuring the 
timing of input signals. Additionally, transition times are mea- 
sured between Viy and Vj,. 


(11) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(12) Assumes that taop = tacp (max) and tran < trap (max). If 
trop or trap is greater than the maximum recommended value 
in this table, taac increases by the amount that trop or tran 
exceeds the value shown. 


(13) Assumes that tacp= tacp (max) and trap = trap (max). 
(14) Iftpap = taap (max), then the access time is defined by ta,. 


(15) For fast-page read operation, the definition of access time is as 
follows. 





CAS and Column Address 


Input Conditions Access Time Definition 


top = top (max), tasc2 top tacp 
tcp = tcp (max), tagc < tcp TAA 
tcp = top (max), tasc Stage (max) tAA 
top = top (max), tagc 2 tasc (max) tcac 


(16) The tcopp requirement is applicable for RAS/CAS cycles pre- 
ceded by any cycle. 


(17) Parameter twp is applicable for a delayed write cycle such as a 
tead-write/read-modify-write cycle. For early write operation, 
both twos and twou must be met. 


(18) Improvement in parameters tapy, tap and tgoa are planned for 
process versions “x” and “m”. Please contact your NEC sales 
office for details. 


(19) Ac measurements assume ty =5 ns. 
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Figure 1. Input Timing 





Figure 2. Output Timing 





Figure 3. Output Load in Random Access Port 





Figure 4. Output Load in Serial Read Port 
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Timing Waveforms 


Read Cycle 





Address 
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Timing Waveforms (cont) 


Early Write Cycle 


Address 


tRAD 


twes tWBH 


er XX) Write Data 


() 
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Timing Waveforms (cont) 


Late Write Cycle 





Address 
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Timing Waveforms (cont) 


Read-Write/Read-Modity-Write Cycle 


Address 


'WBH 


uy 


| 
WW | WO 


RAC toEeD 
tps 
tws tWH tcac toEZ !DH 


(| Write-Per-Bit High Impedance (| Read h wy) \Y ' Write } 
Select . Data ry Y\ Data 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 






Address 











BAAR OOADnnahanannnaa 00,0,0,0,0,0,9,0,0,0,0,0,0,0.0,0,00.0,00,0.9. 
XXX XXX X XXX XX XXX XX XX XX XX XX X YY YOY YY 


83vG-6665B 






eS ny , 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


Address 


Wo /lOo 
W3/O3 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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tASR 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


TRAL 
tasc 
tCAH 


tRRH 
tRCH 


KOM | AY) 


tDHH 


tCAC 


High tmpedance 
(| ReadData ) ( Read Data ) 


teWH 
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Timing Waveforms (cont) 


Fast-Page Write Cycle 


tCRP 





tcpn tcp 


tRAD 
tASR tRAH tasc 


rine X_N ome RN com HOR RRNG 


TRAL 
tCAH tasc | |tCAH 


Write-Per- 
Bit Enable 


HONE 
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Timing Waveforms (cont) 


Fast-Page Read-Modify-Write Cycle 


co Y\\ ae NY 


| Nl tTAWD 
tacs 4 Lass 
WO k—towo twp 
ROC 
: CWD 


twB 
twes l tAWD 
"RAD if toED 


se 


tOED ! 


tpHS tDHH toEz 
tCAC 
TRAC 


'OEZ 
‘DH 


WPB 0) Write ) Write 
{ston Os Ee ells Ge 


t le is t 
a Read Data DS Read Data DS 
tFws 





831H-6670B 
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Timing Waveforms (cont) 


Color Register Set Cycle 








Address 









7 WM cu NAY) 


OF SF s,s s,s ns a 

















Wo/lOo 
W3/lOg 


















Ys MY 


A SS SS SS SS... SS... 2.6.6.6... 2.9.8... SSL 
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Timing Waveforms (cont) 


Flash Write Cycle 
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Timing Waveforms (cont) 


Data Transfer Cycle with Serial Port Active 
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Timing Waveforms (cont) 


Data Transfer Cycle with Serial Port in Standby 


Address 


High Impedance 
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Timing Waveforms (cont) 


Serial Read Cycle 
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Description 


The uPD42275 is a dual-port graphics buffer equipped 
with a random access port and a serial read port. The 
serial read port is connected to an internal 2048-bit 
data register through a 256 x 8-bit serial read output 
circuit. The 128K x 8-bit random access port is used by 
the host CPU to read or write data addressed in any 
desired order. A write-per-bit capability allows each of 
the eight data bits to be individually selected or 
masked for a write cycle. Block write cycles can also be 
used to write the eight data bits to four consecutive 
column addresses. Selection and masking of the eight 
data bits and four column addresses is provided. A 
flash write option with write-per-bit control enables 
data in the color register to be written to a selected row 
in the random access port. 


The pPD42275 features fully asynchronous dual ac- 
cess, except when transferring graphics data from a 
selected row of the storage array to the data register. 
During a datatransfer, the random access port requires 
a special cycle using a transfer clock; the serial port 
continues to operate normally. Following the clock 
transition of a datatransfer, serial output data changes 
from an old line to a new line and the starting location 
onthe new line is addressable in the data transfer cycle. 


An advanced CMOS silicon-gate process using poly- 
cide technology and trench capacitors provides high 
storage cell density, high performance, and high reli- 
ability. Refreshing is accomplished by means of RAS- 
only refresh cycles or by normal read or write cycles on 
the 512 address combinations of Ap through Ag during 
an 8-ms period. Automatic internal refreshing, by 
means of either hidden refreshing or the CAS before 
RAS timing and on-chip internal refresh circuitry, is also 
available. The transfer of a row of data from the storage 
array to the data register also refreshes that row auto- 
matically. 


All inputs and outputs, including clocks, are TTL- 
compatible. All address and data-in signals are latched 
on-chip to simplify system design. Data-out is un- 
latched to allow greater system flexibility. The 
UPD42275 is available in a 400-mil, 40-pin plastic SOU 
and is guaranteed for operation at 0 to + 70°C. 
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uPD42275 
Dual-Port Graphics Buffer 


Features 


QO Three functional blocks 
— 128K x 8-bit random access storage array 
— 2048-bit data register 
— 256 x 8-bit serial read output circuit 
Two data ports: random access and serial read 
Dual-port accessibility except during data transfer 
Addressable start of serial read operation 
Real-time data transfer 
On-chip substrate bias generator 
Random access port __ 
— Two main clocks: RAS and CAS 
— Multiplexed address inputs 
— Direct connection of I/O and address lines 
allowed by OE to simplify system design 
— 512 refresh cycles every 8 ms 
— Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and fast-page 
cycles 
— Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter 
— CAS-controlled hidden refreshing 
— Persistent and nonpersistant write-per-bit option 
regarding eight I/O bits 
— Write bit selection multiplexed on |09-1O7 
Q Block write option with write-per-bit control and 
column mask function 
QO Flash write option with write-per-bit control 
QO Split serial data register to allow shifting from 
lower half while simultaneously loading upper half 
Q RAS-activated data transfer 
— Same cycle time as for random access 
— Row data transferred to data register as 
specified by row address inputs 
— Starting location of following serial read cycle 
specified by column address inputs 
— Transfer of 2048 bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 
— Data transfer during real-time operation or 
standby of serial port 
Q Fast serial read operation by means of SC pins 
O Serial data output on SOg - SO7 
QO Direct connection of multiple serial outputs for 
extension of data length 
O Fully TTL-compatible inputs, outputs, and clocks 
O Three-state outputs for random and serial access 
O CMOS silicon-gate process with trench capacitors 
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Block Diagram 


Refresh 
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Pin Identification 


Symbol 

Ag - Ag 

Wo/lOo - W7/IO7 
RAS 

CAS 

WB/WE 

DYE 

DSF, and DSFo 
SOp - S07 

sc 

SOE 

QSF 


Vgg1 and Vege 


Voc1 and Veco 
NC 
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Function 

Address inputs 
Write-per-bit selects/data inputs and outputs 
Row address strobe 
Column address strobe 
Write-per-bit/write enable 
Data transfer/output enable 
Special function enable 
Serial read outputs 

Serial control 

Serial output enable 
Special function output 
Ground 

+5-volt +10% power supply 


No connection 


127}128 
Selector 
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Ordering Information 


Row Access Serial Access 
Part Number Time (max) Time (max) Package 
uUPD42275LE-80 80 ns 25 ns 40-pin plastic 
LE-10 100 ns 30 ns ae 
 LE-12 120 ns 40 ns 
Absolute Maximum Ratings 
Voltage on any pin except Voo 
relative to GND, Vpy ~1.0to +7.0V 
Voltage on Vog relative to GND, Vpo -1.0 to +7.0V 
Operating temperature, Topr Oto +70°C 
Storage temperature, Tstg —55 to + 125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 15W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. . 
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Pin Configuration 


40-Pin Plastic SOJ 


Rr 
N 
i] 
vt 
=) 
a 
= & 
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Pin Functions 


Ao-Ag (Address Inputs). These pins are multiplexed as 
row and column address inputs. Each of eight data bits 
in the random access port corresponds to 131,072 
storage cells, which means that nine row addresses- 
and eight column addresses are required to decode 
one cell location. Nine row addresses are first used to 
select one of the 512 possible rows for a read, write, 
data transfer, or refresh cycle. Eight column addresses 
are then used to select the one of 256 possible column 
decoders for a read or write cycle or the one of 256 
possible starting locations for the next serial read 
cycle. (Column addresses are not required in RAS-only 
refresh cycles.) 


Wo/l09-W7/IO7 (Write-Per-Bit Inputs/Common Data 
Inputs and Outputs). Each of the eight data bits can 
be individually latched by these inputs at the falling 
edge of RAS in any write cycle, and then updated at the 
next falling edge of RAS. In a read cycle, these pins 
serve as outputs for the selected storage cells. In a 
write cycle, data input on these pins is latched by the 
falling edge of CAS or WE. 


RAS (Row Address Strobe). This pin is functionally 
equivalent to a chip enable signal in that whenever it is 
activated, the 2,048 storage cells of a selected row are 
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sensed simultaneously and the sense amplifiers re- 
store all data. The nine row address bits are latched by 
this signal and must be stable on or before its falling 


edge. CAS, DT/OE, WB/WE, DSF; and DSF2 are simul- 
taneously latched to determine device operation. 


CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder 
and the input/output buffers. The eight column address 
bits are latched at the falling edge of CAS. 


QSF (Special Function Output). This pin indicates 
while side of the split register is active. QSF high shows 
that the upper half (addresses 128 through 255) is 
active, while QSF low indicates the lower half (ad- 
dresses 0 through 127). 


DSF,and DSF2 (Special Function Control). At the 
leading edge of RAS and CAS, the high or low level of 
these pins is latched to initiate one of the operations 
shown in the Truth Table. Holding both pins low causes 
the device to operate without any special functions. 


WB/WE (Write-Per-Bit Control/Write Enable). At the 
falling edge of RAS, the ie WB/WE and DSF, inputs must 
be low and CAS and DT/OE high to enable the write- 
per-bit option. When C CAS, DT/OE and DSF, are high at 
the falling edge of RAS, the level of this signal indicates 
either a color register set cycle or flash write cycle. A 
high WB/WE can be used at the beginning of a standard 
write or read cycle. 


DT/OE (Data Transfer/Output Enable). At the falling 
edge of RAS, CAS and WBMWE high and DT/OE low 
initiate a data transfer. DI/OE high initiates conven- 
tional read or write cycles and controls the output 
buffer in the random access port. The level of DSF, 
determines whether this is a read or split read data 
transfer. 


$0 -SO7 (Serial Data Outputs). Eight-bit data is read 
from these pins and remains valid until the next SC 
signal is activated. 


SC (Serial Control). Repeatedly activating this signal 
causes serial read cycles (starting from the location 
specified in the data transfer cycle) to be executed 
within the 2,048 bits in the data register. The rising edge 
of SC activates serial read operation, in which eight of 
the 2,048 data bits are transferred to eight serial data 
buses, respectively, and read out. Whenever SC is low, 
the serial port is in standby. 


SOE (Seria! Output Enable). This signal controls the 
serial data output buffer. 
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OPERATION 


The uPD42275 consists of a random access port and a 
serial read port. The random access port executes 
standard read and write cycles, as well as data transfer, 
block write and flash write cycles, all of which are based 
on conventional RAS/CAS timing. 


In a data transfer, data in each storage cell on the 


selected row is transferred simultaneously through a 
transfer gate to its corresponding register location. The 
serial read port shows the contents of the data register 
inserial order The random access and serial read ports 
can operate asynchronously, except when the transfer 
gate is turned on during the data transfer period. 


Addressing 


The storage array is arranged in a 512-row by 2048- 
column matrix, whereby each of 8 data bits in the 
random access port corresponds to 131,072 storage 
cells and 17 address bits are required to decode one 
cell location. Nine row address bits are set up on pins 
Ag through Ag and latched onto the chip by RAS. Eight 
column address bits then are set up on pins Ag through 
Az and latched onto the chip by CAS. All addresses 
must be stable, on or before the falling edges of RAS 
and CAS. Whenever RAS is activated, 2048 cells on the 
selected row are sensed simultaneously and the sense 
amplifiers automatically restore the data. CAS serves 
as a chip selection signal to activate the column de- 
coder and the input and output buffers. 


Through 1 of 256 column decoders, 8 storage cells on 
the row are connected to 8 data buses, respectively. In 
a data transfer cycle, 9 row address bits are used to 
select 1 of the 512 possible rows involved inthe transfer 
of data to the data register Eight column address bits 
are then used to select the 1 of 256 possible serial 
decoders that corresponds to the starting location of 
the next serial read cycle. In the serial read port, when 
SC is activated, 8 data bits in the 2048-bit data register 
are transferred to 8 serial data buses and read out. 
Activating SC repeatedly causes serial read cycles 
(starting from the location specified in the data transfer 
cycle) to be executed within the 2048 bits in the data 
register. 


Random Access Port 


An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 


3-102 


NEC 


specifications, including minimum cycle time. To re- 
duce the number of pins, the following are multiplexed. 


ry DI/OE_ 
e WB/WE 
® W/IO; (i = 0, 1, 2, 3, 4, 5, 6, 7) 


The OE, WE and IO; functions represent standard oper- 
ations, while DT, WB, and W, are special inputs to be 
applied in the same way as row address inputs, with 
setup and hold times referenced to the negative tran- 


_ sition of RAS. 


The level of DT determines whether a cycle is a random 
access operation or a data transfer operation. WB 
affects only write cycles and determines whether or not 
the write-per-bit capability is used. W; defines data bits 
to be written with the write-per-bit option. In the follow- 
ing discussions, these multiplexed pins are designated 
as DT(/OE), for example, depending on the function 
being described. 


To use the uPD42275 for random access, DT(/OE) must 
be high as RAS falls. Holding DT(/OE) high disconnects 
the 2048-bit register from the corresponding 2048-digit 
lines of the storage array. Conversely, to execute a data 
transfer, DT(/OE) must be low as RAS falls to open the 
2048 transfer gates and transfer data from one of the 
rows to the register. 


Glossary of Special Functions 


Masked Write Cycle with New Mask. When the write- 
per-bit function is enabled as shown in the following 
table, mask data on the W/IO; pins is latched by RAS 
and loaded directly into the write mask register A 
masked write cycle is then executed using CAS or 
WB/WE to strobe the W/IO; data into the on-chip data 
latch. 


Write-Per-Bit Function 


Mask Register Data Action 
1 Write 
0 Do not write 


Write Mask Register Set Cycle. In this cycle, data on 
W/O; is written to an 8-bit write mask register, where it 
is retained and used by subsequent masked write and 
masked block write cycles. 


Masked Write Cycle with Old Mask. This write-per-bit 
cycle, commonly referred to as a persistent mask write 
cycle, uses the mask data previously set by the last 
write mask register set cycle. 
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Truth Table for Random Access Port 
Must Be Valid at Falling Edge of RAS Must be valid at Falling Edge of CAS 











Cycle CAS DT/OE WB/WE DSFi DSF2 DSF1 Mnemonic Code 

Read/write cycle H H H L X L RW 

Block write cycle H H H L X H BW 

Write mask register set cycle H H H H x L LWR 

Color register set cycle H H H H X H LCR 

Write cycle with new mask H H L L xX L RWNM 

Block write cycle with new mask H H L L X H BWNM 

Write cycle with old mask H H L H Ls L RWOM 

Block write cycle with old mask H H L H L H BWOM 

Read data transfer cycle H L H L X xX RT 

Split read data transfer cycle H L H H X X SRT 

CAS before RAS refresh cycle L X H xX X X CBR 

Flash write cycle with new mask H H L H H “XxX FWT 

Notes: 

(1) X = don't care. 

(2) Combinations not shown are used for refresh operation. 

Block Write Addresses - .  @arly write, late write, page early write, or page late 

Column Select write cycle. Block write data is previously stored in the 

By I/O Data Result Corresponding Column Address _—-COlor register using a set color register cycle. Column 

03 = Write Ar=1,Ag= 1 select data is latched by the WIIO; pins at the falling 

Cae. ewe edge of CAS or WE. Block write cycles are useful for 

Yog= 0 Nowrite Clearing windows and for accelerating polygon fill op- 

YO = Write Ar = 1,A9 = 0 erations. 

chet Nabe SO Me Masked Block Write Cycle with New Mask. This cycle 

YO, = 1 Write Ay = 0,Ag= 1 allows for W/l/O9 - W/I/O7 masking during a block write 

YO, = 0 No write cycle. The masking function is identical to a standard 

Op = 1 Write A; = 0Ap=-0 masked write cycle with new mask, except that four 

consecutive columns are written. 

Oo = 0 No write 

er Masked Block Write Cycle with Old Mask. This cycle 
otes 


uses the masked data previously set by the last write 
(1) Data on i/O7, I/Og, /Os and I/O, are don't care at the falling edge = mask register set cycle to write four consecutive col- 
of GAS. umns. 


Color Register Set Cycle. This cycleis executedinthe — Flash Write Cycle. A flash write cycle can clear or set 
same fashion as a conventional read or write cycle, with — gach of the eight 256-bit data sets on the selected one 
a read or write cycle available to the color register —_ of 512 possible rows according to data stored in the 
under the control of WE. In read operation, color previously set_color register. Bit mask inputs are 
register data is read on the common W/O; pins. In write |atched as RAS. This cycle is useful in graphics pro- 
operation, common W//IO; data can be written into the cessing applications when the screen should be 


color register. RAS-only refreshing is internally per- cleared or set to some uniform value as quickly as 
formed on the row selected by Ap through Ag. This possible. 


setup cycle precedes the first flash write or block write 
cycle supplying the eight write data bits. Read Data Transfer Cycle. In a full row read data 


’ : transfer cycle, one of the possible 512 rows, as well as 

Block Write Cycle. In a block write cycle, Ay and Ag are the starting location of the following serial read cycle, 

ignored. I/Op - l/Og are used to select one or acombi- _ig defined by address inputs. The low-to-high transition 

nation of four column address(es) for writing in an of DT/(OE) causes the 2048 bits of cell data to be 
transferred to the serial data register. 
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Split Read Transfer Cycle. This cycle is a half row data 
transfer in which one of the 512 rows, the starting 
location of the following serial read cycle, and either of 
the split registers are specified by the address inputs. 
On-chip control circuitry causes the previously speci- 
fied half row to be transferred to the selected upper or 
lower split register. 


Read Cycle. A read cycle is executed by activating 
RAS, CAS, and OE and by maintaining (WB/)WE while 
CAS is active. The (W//)IO; pin (i = 0 through 7) remains 
in high impedance until valid data appears at the 
output at access time. Device access time, tacc, will be 
the longest of the following four calculated intervals: 


otro 
e RAS to CAS delay (tacp) + tcac 

@ RAS to column address delay (trap) + tas 
e RAS to OF delay + toga 


Access times from RAS (trac), from CAS (tcac), from 
the column addresses (tga), and from OE (toga) are 
device parameters. The RAS-to-CAS, RAS-to-column 
address, and RAS-to-OE delays are system-dependent 
timing parameters. Output becomes valid after the 
access time has elapsed and it remains valid while both 
CAS and OE are low. Either CAS or OE high returns the 
output pins to high impedance, 


Write Cycle. A write cycle is executed by bringing 
(WB/)WE_low during the RAS/CAS cycle. The falling 
edge of CAS or (WB/)WE strobes the data on (Wy) 10; 
into the on-chip data latch. To make use of the write- 
per-bit option, WB(/WE) must be low as RAS falls. In this 
case, write data bits can be specified by keeping 
W,(10;) high, with setup and hold times referenced to 
the negative transition of RAS. 


Write-Per-Bit Cycle. The falling edge of RAS latches the 
write-per-bit mask data input on Wo through W7. If DSF, 
is low at the falling edge of RAS, mask data must be 
reloaded every write-per-bit mask cycle. If DSF, is high 
and DSF2 is low at the falling edge of RAS, mask data is 
not reloaded from Wo through W7 but is retained from 
the previous write mask set cycle. The latter is called a 
persistent write-per-bit cycle, 


Early Write ite Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS falls. Data is strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for 
the entire cycle. As RAS falls, (DT)OE must meet the 
setup and hold times of a high DT, but otherwise 
(DT/)OE does not affect any circuit operation while CAS 
is active. 
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Read-Write/Read-Modify-Write Cycle. This cycle is ex- 
ecuted by bringing (WB/)WE low with the RAS and CAS 
signals low. (Wj/)lO; shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
(W;/)I0; returns to high impedance when (DT/)OE goes 
high. The data to be written is strobed by (WB/)WE, with 
setup and hold times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of (DT) OE, which can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 512 row ad- 
dresses (Ap through Ag) will refresh all storage cells. Any 
cycle executed in the random access port (i.e., read, 
write, refresh, data transfer, color register set, flash 
write or block write) refreshes the 2048 bits selected by 
the RAS addresses or by the on-chip address counter. 


RAS-Only Refresh Cycle. A cycle having only RAS 
active refreshes all cells in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
(W;/)IO; in high impedance. This method is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data 
outputs may be OR-tied with no bus contention when 
RAS-only refresh cycles are, executed. 


CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RAS falls, this circuitry auto- 
matically refreshes the row addresses specified by the 
internal counter. In this cycle, the circuit operation 
based on CAS is maintained in a reset state. When 
internal refreshing is complete, the address counter 
automatically increments in preparation for the next 
CAS before RAS cycle. 


Hidden Refresh Cycle. This cycle is executed after a 
read cycle, without disturbing the read data output. 
Once valid, the data output is controlled by CAS and 
OE. After the read cycle, CA CAS is held low while RAS goes 
high for precharge. A RAS-only cycle is then executed 
(except that CAS is held at a low level instead of a high 
level) and the data output _ remains valid. Since hidden 
refreshing is the same as CAS before RAS refreshing, 
the data output remains valid during either operation. 


Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip, Maintain- 
ing RAS low while successive CAS cycles are executed 
causes data to be transferred at a faster rate because 


NEC 


row addresses are maintained internally and do not 
have to be reapplied. In fast-page operation, read, 
write and read-write/read-modify-write cycles may be 
executed. Additionally, the write-per-bit control speci- 
fied in the entry write cycle is maintained throughout 
the next fast-page write cycle. 


During a fast-page read cycle, the (W//)IO; data pin (i = 
0 through 7) remains in a state of high impedance until 
valid data appears at the output pin at access time. 
Device access time in this cycle will be the longest of the 
following intervals: 


® tacp 
® top + tr + toac 
e CAS high to column address delay + tay 


Serial Read Port 


The serial read port is used to serially read the previ- 
ously loaded contents of the data register starting from 
a specified location. Other graphics buffers require 
very tight timing to synchronize this port with the 
random access port, but the uPD42275 has been de- 
signed with a split register to eliminate the need for 
synchronized timing between the two ports. 


Split Register Data Transfer. A review of the split 
register architecture shows that the lower register (ad- 
dresses 0 - 127) and upper register (addresses 128 - 
255) are selected by the most significant bit of the 
column addresses (A7). With the serial port split in half, 
data transfers can be executed to the inactive side (no 
SC clocks) while SC clocks are input to access data 
from the active side. This sequence allows for a longer 
time window to perform the transfer, i.e., 128 x tgcc, or 
3.84 ps. Column address bits Ap through Ag are latched 
on-chip to provide the tap address pointer for each split 
register. 


QSF Special Function Output. This pin outputs a sig- 
nal indicating which half of the data register is active 
and is synchronized with the SC clock. 
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Split Data Transfer Cycle 

Most Significant Bit (A7) Portion of Split Register QSF 
0 0 through 127 Low 
1 128 through 255 High 


Notes: 
(1) A full data transfer cycle must precede all split register opera- 
tions. 


(2) Column address A7 must be specified for a split data transfer 
cycle. 


Data in the data register is clocked serially by SC, 
starting from the first specified address of either regis- 
ter. After the last specified address has been trans- 
ferred, QSF changes its level at the next rising edge of 
SC and serial data transfer switches to the other (for- 
merly inactive) register Serial data output is main- 
tained until the next SC clock. 


SC clocks at the transition point, i.e., the end of one half 
and the beginning of the new half of the split registers, 
are restricted. Rising edges of the SC clock are not 
allowed for the last serial address (either 127 or 255) of 
the active register and for the first address (any address 
depending on current address pointer) of the next 
active register (figure 2). 


SOE controls impedance of the serial output to allow 
multiplexing of more than one bank of uPD42275s on 
the same bus and has no effect on SC. When SOE is 
low, SO; is disabled and in a state of high impedance. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Veco 4.5 5.0 5.5 Vv 
Input voltage, high Vind 2.4 5.5 V 
Input voltage, low Vit -1.0 0.8 Vv 
Ambienttemperature Ta 0 70 °C 
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Figure 1. Example of Split Register Transfer 



















An Example of Data Transfer and Split Register Transfer Sequence 


Data Split Data : Split Data : Split Data 
ReadWrite/Refresh Read/Write/Refresh Transfer 
QSF | | 
66) ee I A ee ek 


Cycle: @) A full line data transfer is required before a sequence of split register transfers 
The column address specified during this data transfer selects the lower or upper 
side data register from which serial data will be output. 

This is called the active side seria! register. 


Q) ® Set the address pointer and perform a split register transfer to the inactive side register. 


Detailed Timing Diagram 
@ Data Transfer cycle @) Split Data Transfer cycle 


RAS j | | 

CAS oa | eee | 

Address ———{Row 1X 250. > fo 2X_10 =) (Row 2) 
Mr ieg ra 


Sees 






DI/OE 


DSF, 










sc 7 


The numbers at SO j indicates reading column address : 
SO; soXiooX 01 KOKI) 


QSF 






RAS 
CAS 
Address 






DT/OE 
DSF, 


a 


(High level) g 

















sc : 
SO} 252 K 253 X 254 X 255 X 10 X11 X12 X13 X14 X15 KH 16 X17 X18 KX 19 K 20 K 21 ) 
QSF Fy =: 


RAS 
CAS 
Address 
DT/OE 
DSF; 


sc 


soi __X 120X121 X122 X123 X124 X 125 X 126 X 127 X 200 X 201 X 202 X 203 X 204 X205 X 206 K 207 ) 
QSF 
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Figure 2. Restrictions on Rising Edges of SC 


tasD 


sc A \ Restriction 





Idle Side Active Side —————> 


Case 1 Invalid TAP +14 


Case 2 Invalid 


Note: 


[1] For split register transfers, there is a restriction on the SC clocks at the transition point 
from the end of one half to the beginning of the other half split register. Rising edges of 
the SC clock are not allowed for the last serial address of the idle split register (127 or 255). 
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Capacitance 
Ta = Oto +70°C; Vog = +5.0V 10%; f = 1 MHz; GND = OV 
Parameter Symbol Limit (max) Unit Pins Under Test 
Input capacitance Cia) 5 pF Ao through Ag 
Cy(DT/OE) 8 pF DVOE 
CiWBAVE) 8 pF WB/WE 
CyosF) 8 pF DSF, and DSF5 
CRAs) 8 pF RAS 
CyGAs) 8 pF CAS 
CSE) 8 pF SOE 
Cysc) 8 pF sc 
Input/output capacitance Cio (wilco) 7 pF Wo/lOo through W7/lO7 
Output capacitance Co (80) 7 pF S$Opo through SO7 
Co(asF) 7 pF QSF 
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Power Supply Current 
Ta = Oto +70°C; Vog = +5.0 V £10%; GND = OV- 


Port Operation 
Random Access Serial Read Parameter -80 (max) -10 (max) -12(max) Unit Test Conditions 


Read/write cycle Standby - loos 85 70 60 mA RAS and CAS cycling; DSF, 
and DSFp low as RAS falls; 
tro = tac min; SOE = Vy; 
sc = Vin or VIL 


Standby Standby loce 10 10 10 mA Dout = high impedance; 
address cycling; tac = taco min; 
CAS = RAS = Vij; 
SOE = Vip; SC = Viy or Vi. 
(Note 4) 


RAS- only refresh Standby loos 85 70 60 mA RAS cycling; CAS = Viy; DSF, 
cycle and DSFo low as RAS falls; tac 
= tao min; SOE = Vip; 
SC = Viy or Vi, (Note 2) 
Fast-page cycle Standby loca 75 65 55 mA RAS = Vy; CAS cycling; 
, tpo = tpo min; SOE = Vjy; 
SC = Vip or Viz, (Note 38) 


CAS before RAS Standby loos 85 70 60 mA CAS low as RAS falls; 

refresh cycle tac = tac min; SOE = Vip; 
sc = Vin or Vit 

Data transfer cycle Standby loce 105 - 90 70 mA __ DT lowas RAS falls; 
tac = tac min; SOE = Viz; 
SC = Vip or Vit 

Read/write cycle Active “looz7 120 100 85 mA RAS and CAS cycling; DSF, 


and DSF low as RAS falls; 
tac = tao min; SOE = Vins 
SC cycling; tsoc = tscc min 
Standby Active locs 40 35 30 mA Dout = high impedance; 
address cycling; tao = tac min; 
CAS = RAS = Vini 
SOE = Vj; SC cycling; 
tscc = tscc min (Note 4) 
RAS- only refresh Active loce 120 100 85 mA RAS cycling; CAS = Vip; DSF, 
cycle _- and DSFp lew as RAS falls; 
tac = tro min; SOE-= Vi; 
SC cycling; tscc = tsco min 
Fast-page cycle Active loci0 110 95 75 mA RAS = Vi; CAS cycling; 
: tpo = tpo min; SOE = Vi; 
SC cycling; tscc = tscco min 


(Note 3) 
CAS before RAS Active loci 120 100 85 mA CAS low as RAS falls; 
refresh cycle tac = tac min; SOE = Vj; 
SC cycling; tscc = tscco min 
Data transfer cycle Active loor2 140 120 95 mA __ DT lowas RAS falls; tag = tro 


min; SOE = Vi,; SC cycling; 
tscc = tscc min 





Colorregisterset . Standby loc13 80 65 55 mA taco = tac min; SOE = Vip; 

cycle SC = Vin oF Vit 

Flash write cycle Standby loc14 80. 65 55 mA tac = tac min; SOE = Vin 
SC = Vin oF ViL 

Color register set Active loo15 115 95 80 mA tao = tro min; SOE = Vj; 

cycle SC cycling; tscc = tgcc min 
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Power Supply Current (cont) 


Port Operation 


Random Access Serial Read 
Flash write cycle Active 

Block write cycle Standby 
Block write cycle Active 
Notes: 


Parameter 


loci6 
loc17 


loci 


-80 (max) 
115 


95 


130 


(1) No load on IO; or SOj. Except for loca, loca: loog, and loc14, real 
values depend on output loading in addition to cycle rates. 


(2) CAS is not clocked, butis kept at a stable high level. The column 
addresses are also assumed to be kept stable, at either a high or 


low level. 


DC Characteristics 


Ta = Oto +70°C; Vog = +5.0V +10%; GND = OV 


-10 (max) -12 (max) Unit 


95 80 
80 70 
110 95 


(8) A change in column addresses must not occur more than once in 


mA 


mA 


mA 


a fast-page cycle. 


(4) A change in row addresses must not occur more than once in a 


read or write cycle. 


pPD42275 


Test Conditions 

tac = taco min; SOE = Viz; 
SC cycling; tscc = tscc min 
tac = tac min; SOE = Vy; 
SC = Vipor Vit 

tao = tac min; SOE = Vi; 
SC cycling; tscc = tsco min 








Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current Iie -10 10 LA Vin = Oto 5.5 V; all other pins 
not under test = OV 

Output leakage current lo. -10 10 LA Dour (10;, SO) disabled; 
Vout =0 to 5.5V 

Random access port output voltage, high VoH(R) 24 V lon(R) = —1 MA 

Random access port output voltage, low Voip) 0.4 V lov(r) = 2.1 mA 

Serial read port output voltage, high Vous) 2.4 V lon(s) =-1 mA 

Serial read port output voltage, low VoL) 0.4 V log) = 2.1 mA 

AC Characteristics 

Ta = Oto +70°C; Vog = +5.0V +10%; GND = OV 

pPD42275-80 pPD42275-10 pPD42275-12 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Switching Characteristics 

Access time from column address tana 45 55 65 ns (Notes 3 and 4) 

Access time from rising edge of tacp 45 55 65 ns (Notes 3 and 4) 

CAS 

Access time from RAS trac 80 100 120 ns (Notes 3 and 4) 

Access time from falling edge of toac 20 25 30 ns (Notes 3 and 4 

CAS 

Access time from CAS, tcac 25 30 35 ns (Note 14) 

mask register read cycle 

Access time from OE toEA 20 25 30 ns (Notes 3 and 4) 

Output disable time from CAS high torr 20 25 30 ns (Note 5) 

Output disable time from OE high toEz 20 25 30 ns (Note 5) 

Serial output access time from SC tsca 25 30 40 ns (Note 3) 

Serial output access time from tsoa 20 25 30 ns (Note 3) 

SOE 

Serial output disable time from tsoz 10 0 15 0 20 ns (Note 5) 


SOE high 
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AC Characteristics (cont) 








pPD42275-80 pPD42275-10 pPD42275-12 
Parameter Symbol Min Max Min Max Min Max 
Switching Characteristics (cont) 
Serial output hold time after SC tson 5 7 7 
high 
SOE low to serial output setup tsoo 5 5 5 
delay 
Timing Requirements 
Random read or write cycle time tro 160 190 220 
Read-write/read-modify-write trawec 220 255 295 
cycle time 
Fast-page cycle time tpo 50 60 70 
Fast-page read-write/read-modify- tprwoe 105 125 145 
write cycle time 
Rise and fall transition time tr 3 50 3 50 3 50 
RAS ptecharge time trp 70 80 90 
RAS pulse width tras 80 10,000 100 10,000 120 10,000 
Fast-page RAS pulse width trasp 80 100,000 100 100,000 120 100,000 
RAS hold time tas 20 25 30 
CAS precharge time topn 10 10 15 
(nonpage cycle) 
Fast-page CAS precharge time top 10 10 15 
CAS pulse width tcas 25 —- 10,000 30 10,000 35 —- 10,000 
CAS hold time tosu 80 100 120 
RAS to CAS delay time trop 22 60 25 75 25 90 
RAS to CAS delay time, trop 22 55 25 70 25 85 
mask register read cycle 
CAS high to RAS low precharge tonp 10 10 10 
time 
RAS high to CAS low precharge trpc 0 0 0 
time 
RAS low to SC high delay trsp 85 105 125 
CAS low to SC high delay tosp 45 55 65 
Address to SC high delay tasp 55 75 
Row address setup time tasr 0 QO 0 
Row address hold time tRAH 12 12 15 
Column address setup time tasc 0 0 ) 
Column address hold time toaH 15 20 25 
RAS to column'address delay time tRaD 17 17 20 
Column address to RAS lead time tRAL 45 55 65 
Read command setup time tres 
Read command hold time after tRRH 
RAS high 
Read command hold time after tron 0 0 0 


GAS high 
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Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
ns 
ns 
ns 
ns 


ns 


ns 
ns 
ns 
ns 


ns 


ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 
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Test Conditions 


(Note 11) 
(Note 11) 


(Note 11) 
(Note 11) 


(Notes 3 and 10) 


(Note 4) 
(Note 14) 


(Note 12) 


(Note 18) 
(Notes 16 and 18) 
(Notes 16 and 18) 


(Note 9) 


(Note 6) 


(Note 6) 
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AC Characteristics (cont) 











. pPD42275-80 »PD42275-10 uPD42275-12 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Timing Requirements (cont) 
Write command setup time twos fe) 0 0 ns (Note 7} 
Write command hold time tweoH 15 20 25 ns 
Write command pulse width twp 15 20 25 ns (Note 13) 
Write command to RAS lead time tRWL 30 30 35 ns 
Write command to CAS lead time tow. 30 30 35 ns 
Data-in setup time tps 10) 0 0 ns (Note 8) 
Data-in hold time toH 15 20 25 ns (Note 8) 
Column address to WE delay tawp 70 85 100 ns (Note 7) 
CAS to WE delay towp 45 55 65 ns (Note 7) 
RAS to WE delay trwp 105 130 155 ns (Note 7) 
OE high to data-in setup delay toeD 20 25 30 ns 
OE high hold time after WE low toeH 20 25 30 ns 
CAS before RAS refresh setup time  togp 0) ft) 0 ns 
CAS before RAS refresh hold time tcHR 12 12 15 ns 
Refresh interval trREF 8 8 8 ms Addresses Ao 

through Ag 

DT low setup time toLs 0 0) 0 ns 
DT tow hold time after RAS low, trDH 65 80 95 ns (Note 15) 
serial port active 
DT low hold time after RAS low, tRDHS 12 12 15 ns (Notes 16 and 18) 
serial port in standby, 
split data transfer 
DT low hold time after CAS low topH 25 30 35 ns (Note 15) 
DT low hold time after address tapp 35 40 45 ns (Note 15) 
SC high to CAS low delay tesco 10 10 10 ns (Notes 16 and 18) 
SC high to DT high delay tsbp 0 0 0 ns (Note 15) 
SC low hold time after DT high tspH 15 20 25 ns (Note 15) 
SC low hold time after RAS high tspHR 25 30 40 ns (Note 16) 
Serial clock cycle time tscc 25 30 40 ns (Note 11) 
SC pulse width tscu 7 10 15 ns 
SC precharge time tscoL 7 10 15 ns 
DT high setup time tos ) 0 ) ns 
DT high hold time tpHH 12 12 15 ns 
DT high to RAS high delay torr 6) 0 0 ns (Note 15) 
DT high pulse width tpTp 25 30 35 ns 
OE to RAS inactive setup time toes 10 10 10 ns 
Write-per-bit setup time twes QO 0 0 ns 
Write-per-bit hold time twBH 12 12 15 ns 
Write bit selection setup time tws 0 0 0 ns 
Write bit selection hold time twH 12 12 15 ns 
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AC Characteristics (cont) 








pPD42275-80 pPD42275-10 pPD42275-12 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 





Timing Requirements (cont) 



































SOE pulse width tsoe 7 10 15 ns 

SOE precharge time tsop. 7 10 15 ns 

DSF, setup time from RAS teRs1 0 ns 

DSFo setup time from RAS terse 0 ns 

DSF, hold time from RAS teRHt 12 12 15 ns 

DSF» hold time from RAS teRH2 12 12 15 ns 

DSF, setup time from CAS tecs1 0 0 0 ns 

DSF, hold time from CAS tecHt 15 20 25 ns 

Propagation delay time from SC tpp 25 30 40 ns 

to QSF 

Propagation delay time from DI/OE tpep 35 45 55 ns (Note 20) 

to QSF 

Propagation delay time from RAS tpar 45 55 70 ns (Note 20) 

to QSF 

RAS to QSF delay time trap 105 135 155 ns (Notes 16 and 19) 
CAS to QSF delay time tcap 70 85 100 ns (Notes 16 and 19) 
Notes: 

(1) All voltages are referenced to GND. (9) Assumes that trap (min) = tran (min) + typical ty of 5 ns. 

(2) An initial pause of 100 us is required after power-up, followed by —*(10).- Vins (min) and Vj, (max) are reference levels for measuring the 
any eight RAS cycles, before proper device operation is timing of input signals, Additionally, transition times are mea- 
achieved. sured between Vj and Vj,. 

(3) See figures 3 and 4 for reference voltages and figures 5 and 6 for (11) The minimum specifications are used only to indicate the cycle 
output loads. time at which proper operation over the full temperature range 


= Oto +70°C) is assured. 
(4) Operation within the trop (max) limit ensures that trac (max) (TA ; ; : a Sas 
can be met. The tacp (max) limit is specified as areference point _—‘(12) The tcrp requirement is applicable for RAS/CAS cycles pre- 


only. If taep is greater than the specified tagp (max) limit, ceded by any cycle. 

access time is controlled exclusively by toac or taa. (13) Parameter twp is applicable for a delayed write cycle such as a 
(5) An output disable time defines the time at which the output read-write/read-modify-write cycle. For early write operation, 

achieves the open-circuit condition and is not referenced to both twes and twcn must be met. 

output voltage levels. (14) Only for mask register read operation during register read 
(6) Either tary or tacy must be satisfied for a read cycle. cycles. a 
(7) twos: tcwp: @nd tawp are restrictive operating parameters in (15) For real-time data transfer operation (data transfer with SC 

read-write and read-modify-write cycles only. If twos = twos active). 

(min), the cycle is an early write cycle and the data output will (16) For read data transfers with serial port in standby. 


remain open-circuit throughout the entire cycle. iftcwp = tcwp 
(min) and tawp 2 tawop (min), the cycle is a read-write cycle and 
the data output will contain data read from the selected cell. lf | (18) For split data transfer cycles. 
neither of the above conditions is met, the condition of the data (19) 
output (at access time and until CAS returns to Vj) is indeter- 

minate. 


(17) Ac measurements assume ty =5 ns. 


If topH = topH (min) or tanys = tRpH (min), then the delay time 
for the switching of QSF is determined by trap or tcan, 
whichever occurs later. 
(8) These parameters are referenced to the falling edge of CAS in (20) 
early write cycles and to the falling edge of (WB/)WE in delayed 
_ write or read-modify-write cycles. 


IftcpH 2 topH (min) and tapys = tRpx (min), then the switching 
delay time of QSF is determined by tpgp or tpqr, whichever 
occurs first. 
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Figure 3. Input Timing 





Figure 4. Output Timing 





Figure 5. Output Load in Random Access Port 





Figure 6. Output Load in Serial Read Port 


831H-6870B 
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Timing Waveforms 


Read Cycle 


OFF 


2 (me ED 
Wo.7/lOo- ( Read Data D 
Cee \A 4 AL / 


teRs1 tFRH1 tecs1| | tFCH1 
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Timing Waveforms (cont) 


Early Write Cycle and Early Block Write Cycle 


XXX) 


AAV VA AAAAAAAAAA 
OLA YY 
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Timing Waveforms (cont) 


Early Write Cycle and Early Block Write Cycle With Old Mask 


ay 


OAAAMANYiX 


OU) 
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Timing Waveforms (cont) 


Late Write Cycle and Late Block Write Cycle 





pPD42275 
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Timing Waveforms (cont) 


Read-Write/Read-Moditfy-Write Cycle 


'cRP 
= Sy 
i >| 


tcsH 
tRAH | tCAH 


roo XXX PO __KANYY 
| 


ao i tasc < 
I < 

___ & -Per-at KAY 

wane KOE eae RY | 


'wBH 3 


twas > ‘md 
tbHs k——— 'cwo 


tRwpb 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 





Address 












ONS 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


Address 


AAV AAAAAAAAAA? 
IY 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


_ 


tRAH 
tASR tasc tCAH 


tcRP 


= OF || 


tCPN 


W/O; 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


Wo.7/'09.7 


- Tersy 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle and Fast-Page Early Block Write Cycle 


tcRP 


= BF | 


tCPN 
tRAD 


tRAH 
tASR tasc tCAH 
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Timing Waveforms (cont) 


Fast-Page Late Write Cycle and Fast-Page Late Block Write Cycle 


tcrRP 


= BF 


tCPN 
tRAD —> 


: tRAL 
RAH 
tASR tasc tCAH tCAH | 


AA) AV) 


tWBH 


twBs 
tacs 


maine KONE ase ROY 
tDHH_ 
tbHs l 
ance XX) 


W/VQ; 


Block Write 
Select 
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Timing Waveforms (cont) 


Fast-Page Read-Modify-Write Cycle 





7 Ay teas IQ) 


twBs 


AAA 


| , en 
| | | Ar 













'WBH 





TRAD 



















Ee See: WAAAAAAAAAAAAZ 
DTIOE NY NIN | PINT 
tpHS oe toEZ toED 
tCAC "OEE 
: ery na 'DH 
; High Impedan ly ‘i 1 oN ; 
ata ata 
tws tWH ‘ps3 LL 'Ds fe: 
; Le-ton , 
'FRS1 tFRH1 
' ; tecs1 | | 'FCHt 
FCS1 FCH1 
OL OO SSet OIA _eesatlh OA 


3-125 






pPD42275 N: KE Cc 


Timing Waveforms (cont) 





Color Register Set Cycle 


Address 


W)/VO; 


Notes: 
[1] Read, tate write, RMW, and hidden refresh cycles are also available. . 


(2] Specifications are exactly the same as read, late write, RMW, and hidden refresh cycles except DSF 1 is high at RAS leading edge for 
register set cycles : 


[3] At CAS leading edge, set DSF1 to ow level for a write mask register, or set DSF1 to high level for a color register. 
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Timing Waveforms (cont) 





Flash Write Cycle 















Address 

















OY 


| ND SS .  . | 









W/O; 
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Timing Waveforms (cont) 





Data Transfer Cycle with Serial Port Active 


tacD Se 


tCSH 


Address 


W/VO; High Impedance 


New Data 
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Timing Waveforms (cont) 





Data Transfer Cycle with Serial Port in Standby 


trop eee = ee 


tCSH 
tcas 


TASC 





tCAH 


Address 


: tasD 


Mi eemaaseeeress | 


tRaD 


tssc wid 


tse. 'SCH 


tSCA 
'SCA 


i i aN 
tpp = tpQR 
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Timing Waveforms (cont) 





Split Read Data Transfer Cycle 


tasc 
tRAH tCAH 


W,/VO; 


XXX) 


tRsp 


| 
| 
| See Figure 2 for 


; = Explanation of Restrictions 
tscc tssc ae] 


tSCH tsci tscH tscL 'SCH tscr 


tSOH tson 'SOH ets 


tsca — tSCA ISCA tSca 


Rak _AGSA_RWA_Rv? 
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Timing Waveforms (cont) 


Serial Read Cycle 


tscc [Note 1] tscc [Note 2] 
tScL TSCL 





ae eee ee 


Notes: 
[1] Last location of split register (Loc: 127 or 255) 
[2] The starting location of newly activated register 
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NEC Electronics Inc. 


Description 


The »PD42101 is a 910-word by 8-bit line buffer fabri- 
cated with a CMOS silicon-gate process. The device 
helps to create an NTSC flicker-free television picture 
(noninterlaced scan conversion) by providing intermedi- 
ate storage and very high-speed read and write opera- 
tion. 


The »PD42101 can also be used as a digital delay line. 
The delay length is variable from 10 bits (at maximum 
clock speed) to 910 bits. 


Features 


910-word x 8-bit organization 

Line buffer for NTSC, 4fgc digital television systems 
Asynchronous, simultaneous read/write operation 
1H (910-bit) delay line capability 

TTL-compatible inputs and outputs 

Three-state outputs 

Single +5-volt power supply 

24-pin plastic DIP and miniflat packaging 


ooaeaoancaanca 


Ordering Information 
Read Cycle Write Cycle 


PartNumber Time (min) Time (min) Package 
wPD42101C-3 34 ns 34 ns 24-pin plastic DIP 
C-2 34 ns 69 ns 
C-1 69 ns 69 ns 
pu PD42101G-3 34 ns 34 ns 24-pin plastic miniflat 
G-2 34 ns 69 ns 
GA 69 ns 69 ns 


60071 





uPD42101 
Line Buffer for NTSC TV 


Pin Configuration 


24-Pin Plastic DIP or Miniflat 


° 
= 
N 
a 
Q 
a 
a 


Pin Identification 


Symbol Function 

Dino - Dinz Write data inputs 

Douto - Poutz Read data outputs 
RSTW Write address reset input 
RSTR Read address reset input 
WE Write enable input 

RE Read enable input 

WCK Write clock input 

RCK Read clock input 

GND Ground 

Voc +5-volt power supply 
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PIN FUNCTIONS 
Dino - Din7 (Data Inputs) 


In a digital television application, the digital composite 
signal, luminance, chrominance, etc. information is writ- 
ten into these inputs. 


Douto - Dout7 (Data Outputs) 


The tri-state outputs are used to access the stored 
information. In a simple digital delay line application, a 
delay of one-half write clock cycle plus a maximum of 
300 ns is required to move data from the data inputs to 
the data outputs. 


RSTW (Write Address Reset Input) 


Bringing this signal low when WE is also low resets the 
internal write address to 0. If WE is at a high level when 
the RSTW input is brought low, the internal write address 
is set to 909. The state of this input is strobed by the 
rising edge of WCK. 


RSTR (Read Address Reset Input) 


This signal is strobed by the rising edge of RCK and 
resets the internal read address to 0 if RE is also low. If 
RE is at a high level when the RSTR input is brought low, 
the internal read address is set to 909. 


WE (Write Enable Input) 


This input controls write operation. If WE is low, all write 
cycles proceed. If WE is at a high level, no data is written 
to storage cells and the write address stops increasing. 
The state of WE is strobed by the rising edge of WCK. 


RE (Read Enable Input) 


This signal is similar to WE but controls read operation. 
If RE is at a high level, the data outpus become high 
impedance and the internal read address stops increas- 
ing. The state of RE is strobed by the rising edge of RCK. 


WCK (Write Clock Input) 


All write cycles are executed synchronously with WCK. 
The states of both RSTW and WE are strobed by the 
rising edge of WCK at the beginning of a cycle, and the 
data inputs are strobed by the rising edge of WCK at the 
end of a cycle. The internal write address increases with 
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each WCK cycle unless WE is at a high level to hold the 
write address constant. Unless inhibited by WE, the 
internal write address will automatically wrap around 
from 909 to 0 and begin increasing again. 


RCK (Read Clock Input) 


All read cycles are executed synchronously with RCK. 
The states of both RSTR and RE are strobed by the rising 
edge of RCK at the beginning of a cycle. This same edge 
of RCK starts internal read operation, and access time is 
referenced to this edge. The internal read address in- 
creases with each RCK cycle unless RE is at a high level 
to hold the read address constant. Unless inhibited by 
RE, the internal read address will automatically wrap 
around from 909 to 0 and begin increasing again. 





Absolute Maximum Ratings 


Supply voltage, Voc -1.5 to +7.0V 
Voltages on any input pin, Vy -1.5to + 7.0V 
Voltage on any output pin, Vo -1.5to +7.0V 
Short-circuit output current, log 20 mA 
Operating temperature, Topa — 20 to +70°C 


Storage temperature, Tstg -— 55 to + 125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 4.5 5.0 5.5 Vv 
Input voltage, high Vin 2.4 5.5 Vv 
Input voltage, low Vit ~1.5 0.8 V 
Operating temperature Ta 0 70 °C 


Capacitance 
Ta = 25°C; Voc = +5.0 V 10%; f = 1 MHz 


Parameter Symbol Min Max Unit Pins Under Test 

Input C 5 pF WE, RE, WCK, RCK, 

capacitance RSTW, RSTR, Dino - 
Dinz 

Output Co 7 pF Douro - Dout7 


capacitance 


N: E Cc pPD42101 


Block Diagram 


Read 
Row Selectors 


Data Write | Data 
Dino~ DIN7Z Input Column - Output 


D a 
Buffers Selectors Selectors Buffers ouTo - Pout7 





Row Selectors 


831H-6698B 





DC Characteristics 
Ta = ~20 to +70°C; Vocg = +5.0V + 10% 


Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current I; -10 10 BA Vin = OV to Voc; all other pins not under test = 0 V 
Output leakage current lo » =10 10 pA Dour disabled; Vo = 010 5.5 V 

Output voltage, high Vou 2.4 Vv lon = -1 mA 

Output voltage, low VoL 0.4 Vv lol = 2.0mA 


AC Characteristics 
Ta = -20 to +70°C; Voc = +5.0V + 10% 


»PD42101-3 pPD42101-2 pPD42101-1 

Parameter Symbol min Max Min Max Min Max Unit Test Conditions 

Write/read cycle operating current loc 70 60 35 mA twok = twoK 
(min); tack = tack 
(min) 

Write clock cycle time twoK 34 1090 69 1090 69 1090 ns 

WCK pulse width twow 14 25 25 ns 

WCK precharge time twcp 14 25 25 ns 

Read clock cycle time tack 34 1080 34 1090 69 1090 ns 

RCK pulse width tacw 14 14 25 ns 

RCK precharge time tacp 14 14 25 ns 

Access time tac 27 27 49 ns 
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AC Characteristics (cont) 











uPD42101-3 pw PD42101-2 pPD42101-1 
Parameter Symbol min Max Min Max Min Max Unit Test Conditions 
Output hold time ton 5 5 5 ns 
Output active time tz 5 27 5 27 5 49 ns (Note 5) 
Output disable time tyz 5 27 5 27 5 49 ns (Note 5) 
Data-in setup time tos 14 18 18 ns 
Data-in hold time ton 5 5 5 ns 
Reset active setup time trs 14 14 20 ns (Note 7) 
Reset active hold time taH 5 5 5 ns (Note 7) 
Reset inactive hold time tani 5 5 5 ns (Note 8) 
Reset inactive setup time tane 14 14 20 ns (Note 8) 
Write enable setup time twes 14 20 20 ns (Note 9) 
Write enable hold time tWEH 5 5 a) ns (Note 9) 
Write enable high delay from tweni 5 5 5 ns (Note 10) 
WCK 
Write enable low delay to WCK twen2 14 20 20 ns (Note 10) 
Read enable setup time tres 14 14 20 ns {Note 9) 
Read enable hold time tREH 5 5 5 ns (Note 9) 
Read enable high delay from tRENt 5 5 5 ns (Note 10) 
RCK 
Read enable low delay to RCK tReN2 14 14 20 ns (Note 10) 
Write disable pulse width twew 0 0 0 ns (Note 6) 
Read disable pulse width trew 0 0 0 ns (Note 6) 
Write reset time tastw 0 0 0 ns (Note 6) 
Read reset time tastR 0 0 0 ns (Note 6) 
Transition time tr 3 35 3 35 3 35 ns 
Notes: 
(1) All voltages are referenced to ground. (7) If either tag or tay is less than the specified value, reset 
(2) After power-up, a read reset cycle and a write reset cycle must be operations are not guaranteed. 
executed before proper device operation is achieved. (8) Ifeither tan Ortanais less than the specified value, internal reset 


operations may extend to cycles immediately preceding or 


3) Input pulse rise and fall times assume tr = 5 ns. Input pul 
Gyinpate . Te ene See following the period of desired reset operations. 


levels = GND to 3 V. Transition times are measured between 3 


V and 0 V. See figure 1. (9) If either tweg or twey (tres OF taep) is less than the specified 
(4) Input timing reference levels = 1.5 V. Output timing reference value, write (read) disable operations are not guaranteed. 
levels are 0.8 and 2.0 V. See figure 2. (10) If either + or + (t or t is less than the 
ner WWeEN1 OF wen2 \REN1 REN 
(5) This delay is measured at 200 mV from the steady-state voltage specified value, internal write (read) disable operations may 
with the load specified in figure 4. Under any conditions, tz = extend to cycles immediately preceding or following the period 


tyz of desired disable operations. 
(6) twew (max) and tagw (max) must be satisfied by the following 
equations in 1-line cycle operation: 
twew + tastw +910 (wow) Ss 1 ms 
trew + tastr + 910 (tack) s 1 ms 


(11) Data is guaranteed to remain valid for a minimum of 1 ms after 
itis written. After this time, the data stored may be discharged, 
since this device uses a dynamic storage element. 
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Figure 1. Input Timing 





Figure 2. Output Timing 





Figure 3. Output Load for tac and toy 
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Figure 4. Output Load for t,z and tyz 
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Timing Waveforms 


‘Read Cycle 


Disable Cycle 


tLz 


High Impedance 


[1] RSTR = Vip. 
[2] V =valid data. 





Write Cycle 


Cycle n Cycle n+ 1 Cycle n+ 2 Disable Cycle Cycle n+3 
tWoK 


= twop 
tWEN1 tWES tWEH 


twow tWEN2 


twew 


LL LLL 


Notes: 
[1] RSTW =Vjy. 
{2] V = valid data. 
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Timing Waveforms (cont) 


Read Reset Cycle 


Note: 
[1] WE= VIL: 
[2] V = valid data. 





3-139 


pPD42101 N: KE Cc 


Timing Waveforms (cont) 


Write Disable Cycle 







Disable Cycles 

















AN GED Ne CISED SNWMHNAON ATC CSE (04 COED 1 Cle 
Note: 
{1] V = Valid Data. 
| 83-003723B 
Read Disable Cycle 
tREW i” 
RE 
Disable Cycles 
tREN1 tREH | tREN2 
tHz uz 
Sam (4 QMS (4 AED (0 CED (| een EID 
Note: 
{1] V = Valid Data. 
83-003646B | 





3-140 


N. KE Cc uPD42101 


Timing Waveforms (cont) 


Re-Read Cycle 








Note: 

(1] RE = Vi. 

[2] V = Valid Data. 

{3] The data stored in any location can be re-read as many times as desired within a period of 1ms 


following the writing of data into that location provided that a second write operation has not 
re-written new data into that location. 





83-003644B 
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Timing Waveforms (cont) 


910-Bit Delay Line Cycle 





[1] V = Valid Data. 
[2] 1H = the first group of 910 bits. 2H = the second group of 910 bits. 





83-003657B 
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Timing Waveforms (cont) 





n-Bit Delay Line Cycle 


vn (lh Vinr-2) iX Vin'-1) (lh Vio") 


1 


ee 
WE, AE ——L{ ___ 


Notes: 
{1] V =valid data 
[2] 1H = the first group of bits. 2H = the second group of n'’ bits. 
[3] RE = WE =Vj,. 
831H-67178 
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Timing Waveforms (cont) 


n-Bit Delay Line Timing Cycle (1) 
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Timing Waveforms (cont) 


n-Bit Delay Line Timing Cycle (2) 








Cycle n 


voor TTT, TTT HS NK We Yh 


| [\] WE=Vy. 
[2] V = valid data. 
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Applications 
1H (910-bit) Delay Line 


Any one of the following methods may be used to 
configure a 1H (910-bit) delay line, or to vary the number 
of delay bits from a minimum of 5 (when operating at 
4fgc) to a maximum of 910 (figure 5). 


(1) Execute a reset cycle proportionate to the desired 
delay length. 


(2) Adjust the input timing of RSTW and RSTR to the 
desired delay length (see waveform for n-bit Delay 
Line Timing 1). 


(3) Adjust the address by disabling WE or RE for a 
period proportionate to the desired delay length. 


Figure 5. Connection of a 1H (910-bit) Delay Line 


Data Inputs Data Outputs 





831H-6700B 


3-146 


N. KE Cc uPD42101 


Applications (cont) 


Noninterlaced Scan Conversion 


It is also possible to use either one or two »PD42101s for 
noninterlaced scan conversion. If one device is used, the 
same data is read twice at 28.6 MHz (8fsc) to prepare it 
for writing at 14.3 MHz (4fgc). If two devices are used as 
shown in figure 6, data input at 14.3 MHz is read alter- 
nately at 28.6 MHz with RE. Actual line signals and 
complement line signals are entered as input data. Com- 
plement signals can also be obtained using the 
pPD42 101 if resetting is performed for each line. A single 
signal type is assumed in this case. In actual applica- 
tions, noninterlaced scan conversion with brightness (Y) 
and color difference (C) and RGB signals will require as 
many as two or three times the number of »PD42101 
devices shown in this example. 





Figure 6. Example of Noninterlaced Scan Conversion 





RCK 
[8fg¢ = 28.6 MHZ] 


RSTW RSTR RCK 


Actual Line D 
Data Inputs IN 
a 


Noninterlaced Line 
Data cups 


Interpolated Line 
\ Data Inputs DIN 
Transmitted \ Displayed 


Television . Television 
Picture Picture 


\ 
Interpolated Line 


WCK 
[4fgc = 14.3 MHz] 
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Timing Waveforms (cont) 


Application Timing for Noninterlaced Scan Conversion 






0 i 2 3 4 5 ; ( 904 905 906 907 908 
WCK 


eae Wiese oe ee a 
SS Ce © SP 2 Se of Gn ae ae ae on me 6 
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Output data of cycles 900 to 
909 may be that of 1H before. 


TAC ( nH’ Sqqqn00Kd 


012 3 4 897 





83-005018B 
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Timing Waveforms (cont) 


Basic Timing for Noninterlaced Scan Conversion 


. oT 
































WCK sy te a a 
tras—e| 
—— es -—_——______— 
ASTW 
RSTA ; 
. DS: 
VAAVV\AA fv | VWV/ Vv v 
DIN bi AKA WAN 
RCK 
Dout i 
455 or 910 Write Cycles names hie Can a A did baits 
RE 
Note: 
(1) WE=Vic. 


[2] V = Vatid Data. 
[3] For compatibility with NTSC standards the WCK frequency is approximately 14.3 MHz. RCK 
cycles at twice this frequency, 28.6 MHz. 
83-003655B 
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NEC Electronics Inc. 


Description 


The pPD42 102 is a 1,135-word by 8-bit line buffer fabri- 
cated with a CMOS silicon-gate process. The device 
helps to create a PAL flicker-free television picture (non- 
interlaced scan conversion) by providing intermediate 
storage and very high-speed read and write operation. 


The »PD42102 can also be used as a digital delay line. 
The delay length is variable from 2 bits (at maximum 
clock speed) to 1,135 bits. 


Features 


1,135-word x 8-bit organization 

Line buffer for PAL, 4fsc digital television systems 
Asynchronous, simultaneous read/write operation 
1H (1,135-bit) delay line capability 
TTL-compatible inputs and outputs 

Three-state outputs 

Single +5-volt power supply 

24-pin plastic DIP and miniflat packaging 


OCOoaonadaaA 


Ordering Information 
Read Cycle Write Cycle © 


PartNumber Time (min) Time (min) Package 
p#PD42102C-5 25 ns 25 ns 24-pin plastic DIP 
C-3 34 ns 34 ns 
C-2 34 ns 69 ns 
C-1 69 ns 69 ns 
#PD42102G-5 25 ns 25 ns 24-pin plastic miniflat 
G-3 34ns 34 ns 
G-2 34ns 69 ns 
G-1 69 ns 69 ns 


60096 


Pin Configuration 


pPD42102 


Line Buffer for PAL TV 


24-Pin Plastic DIP or Miniflat 





Pin Identification 
Symbol 

Dino - Din7 

Douto - Dout7 





N 
=) 
is 
t 
Qa 
a 
a 
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Function 

Write data inputs 

Read data outputs 

Write address reset input 
Read address reset input 
Write enabie input. 
Read enable input 

Write clock input 

Read clock input 
Ground 


+5-volt power supply 
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PIN FUNCTIONS 
Dino - Din7 (Data Inputs) 


In a digital television application, the digital composite 
signal, luminance, chrominance, etc. information is writ- 
ten into these inputs. 


DoutTo - Dout7 (Data Outputs) 


The tri-state outputs are used to access the stored 
information. In a simple digital delay line application, a 
delay of one-half write clock cycle plus a maximum of 
300 ns is required to move data from the data inputs to 
the data outputs. . 


RSTW (Write Address Reset Input) 


Bringing this signal low when WE is also low resets the 
internal write address to 0. If WE is at a high level when 
the RSTW input is brought low, the internal write address 
is set to 1,134. The state of this input is strobed by the 
rising edge of WCK. 


RSTR (Read Address Reset Input) 


This signal is strobed by the rising edge of RCK and 
resets the internal read address to 0 if RE is also low. If 
RE is at a high level when the RSTR input is brought low, 
the internal read address is set to 1,134. 


WE (Write Enable Input) 


This input controls write operation. If WE is low, all write 
cycles proceed. If WE is at a high level, no data is written 
to storage cells and the write address stops increasing. 
The state of WE is strobed by the rising edge of WCK. 


RE (Read Enable Input) 


This signal is similar to WE but controls read operation. 
If RE is at a high level, the data outpus become high 
impedance and the internal read address stops increas- 
ing. The state of RE is strobed by the rising edge of RCK. 


WCK (Write Clock Input) 


All write cycles are executed synchronously with WCK. 
The states of both RSTW and WE are strobed by the 
rising edge of WCK at the beginning of a cycle, and the 
data inputs are strobed by the rising edge of WCK at the 
end of a cycle. The internal write address increases with 
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each WCK cycle unless WE is at a high level to hold the 
write address constant. Unless inhibited by WE, the 
internal write address will automatically wrap around 
from 1,134 to 0 and begin increasing again. 


RCK (Read Clock Input) 


All read cycles are executed synchronously with RCK. 
The states of both RSTR and RE are strobed by the rising 
edge of RCK at the beginning of a cycle. This same edge 
of RCK starts internal read operation, and access time is 
referenced to this edge. The internal read address in- 
creases with each RCK cycle unless RE is at a high level 
to hold the read address constant. Unless inhibited by 
RE, the internal read address will automatically wrap 
around from 1,134 to 0 and begin increasing again. 





Absolute Maximum Ratings 


Supply voltage, Voc -1.5to +7.0V 
Voltages on any input pin, V -15to + 7.0V 
Voltage on any output pin, Vo ~1.5 to +7.0 V 
Short-circuit output current, los 20 mA 
Operating temperature, Topa -20 to +70°C 


Storage temperature, Tstg -55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 4.5 5.0 55 V 
Input voltage, high Vin 2.4 5.5 Vv 
Input voltage, low Vit -1.5 0.8 Vv 
Operating temperature Ta ~20 70 °C 
Capacitance 
Ta = 25°C; Voc = +5.0 V +10%; f = 1 MHz 
Parameter Symbol Min Max Unit Pins Under Test 
Input C 5 pF WE, RE, WCK, RCK, 
capacitance RSTW, RSTR, 

Dino - Dinz 
Output Co 7 ~~ PF Douro - Pout 


capacitance 


NV. KE Cc uPD42102 


Block Diagram 


Read 
Row Selectors 


Data Write of 
Dino- Din7 Input Column Output 


Buffers Selectors Selectors Buffers Douto - Pout7 





Row Selectors 
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DC Characteristics 
Ta = -20 to +70°C; Vog = +5.0V + 10% 





Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current ly -10 10 BA Vin = 0V to Voc; all other pins not under test = 0V 
Output leakage current lo -10 10 pA Dout disabled; Vo = 0 to 5.5 V 

Output voltage, high VoH 2.4 Vv low = -1 mA 

Output voltage, low VoL 0.4 Vv lo. = 2.0mA 


AC Characteristics 
Ta = -20 to +70°C; Voc = +5.0V + 10% 


wPD42102-5 pPD42102-3 pPD42102-2 »PD42102-1 





Parameter Symbol: Min) Max Min Max Min Max Min Max _ Unit Test Conditions 
Write/read cycle operating current loc 80 80 70 40 mA twok = twok (min); 
tack = tack (min) 

Write clock cycle time twok 25 880 28 880 56 880 56 880 ns 

WCK pulse width twow 10 12 20 20 ns 

WCK precharge time twop 10 12 20 20 ns 

Read clock cycle time tack 25 880 28 880 28 880 56 880 ns 

RCK pulse width tacw 10 12 12 , 20 ns 

RCK precharge time tacp 10 12 12 20 ns 

Access time tac 18 21 21 40 ns 

Output hold time ton 5 5 5 5 ns 
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AC Characteristics (cont) 


pPD42102-5 pPD42102-3 pPD42102-2 


Parameter Symbol Min Max Min 
Access time after a reset cycle tacr 18 

Output hold time after a reset cycle ton 5 

Output active time tz 5 18 

Output disable time tuz 5 18 

Data-in setup time tos 7 12 
Data-in hold time — tou 3 5 
Reset active setup time trs 7 12 
Reset active hold time tRH 3 

Reset inactive hold time tant 3 

Reset inactive setup time tane 7 12 
Write enable setup time twes 7 12 
Write enable hold time tweH 3 

Write enable high delay from WCK — twent 3 

Write enable low delay to WCK tweN2 7 12 
Read enable setup time tres 7 12 
Read enable hold time tReH 3 

Read enable high delay from RCK tREN1 3 

Read enable low delay to RCK tREN2 7 12 
Write disable pulse width twew 0 0 
Read disable pulse width trew 0 0 
Write reset time tastw 0 0 
Read reset time tastrR 0 0 
Transition time’ - tr 3 35 3 


Notes: 


(1) 
@) 


(3) 
(4) 


6) 


All voltages are referenced to ground. 


Input pulse rise and fall times assume t; = 5 ns. Input pulse 
levels = GND to 3 V. Transition times are measured between 3 
Vand OV. 

For the —5 version only, tr = 3ns; input pulse levels = 0.4 to 2.4 
V; transition times are measured between 0.4 and 2.4 V. See 
figures 1 and 2. 


Input timing reference levels = 1.5 V. Output timing reference 
levels are 0.8 and 2.0 V. See figure 3. 

This delay is measured at 200 mV from the steady-state voltage 
with the load specified in figure 5. Under any conditions, t_z = 
tuz: . 

twew (max) and tagw (max) must be satisfied by the following 
equations in 1-line cycle operation: 

twew + tastw +1,135-(twox) = 1 ms 

taew + tastr + 1,135 (tack) = 1 ms 
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Max Min Max Min Max _ Unit Test Conditions 
21 21 40 ns 
5 ns 
21 21 40 ns (Note 4) 
21 21 40 ns (Note 4) 
15 15 ns 
5 5 ns 
12 20 ns (Note 7) 
ns _—_ (Note 7) 
ns (Note 8) 
12 20 ns (Note 8) 
20 20 ns (Note 9) 
5 ns _ (Note 9) 
ns_. (Note 10) 
20 20 ns (Note 10) 
12 20 ns _—_ (Note 9) 
ns (Note 9) 
5 5 ns _—_ (Note 10) 
12 20 ns (Note 10) 
0 0 ns _—_ (Note 5) 
0 0 ns__—_ (Note 5) 
0 0 ns (Note 5) 
0 0 ns _—_ (Note 5) 
35 3 35 3 35 ns 


(6) 
(7) 


(8) 


(9) 


(10) 


(11) 


This parameter applies when tack = tacr (max). 


lf either tag OF tay is less than the specified value, reset 
operations are not guaranteed. 


If either tan; OF tanya is less than the specified value, internal reset 
operations may extend to cycles immediately preceding or 
following the period of desired reset operations. 


if either twes OF tweH (taes OF tae) is less than the specified 
value, write (read) disable operations are not guaranteed. 


lf either tweni OF twen2a (Reni OF tReNng) is less than the 
specified value, internal write (read) disable operations may 


extend to cycles immediately preceding or following the period 
of desired disable operations. 


Data is guaranteed to remain valid for a minimum of 1 ms after 
itis written. After this time, the data stored may be invalid, since 
this device uses a dynamic storage element. 
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Figure 1. Input Timing 


83H-6701B 





Figure 2. Input Timing for 4PD42102-5 
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Figure 3. Output Timing 





Figure 4. Output Load for tac, tacra, ton and tour 





831H-6702B 


Figure 5. Output Load for t, z and tyz 





831H-6703B 
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Timing Waveforms 


Read Cycle 


tLZ 


High Impedance 


Notes: 
[1] RSTR = VjpH. 
[2] V = valid data. 





Write Cycle 


Cycle n Cycle n+ 1 Cyclen+2 Disable Cycle Cyclen+3 
tweoK 


CI 
tWEN1 tWES tWEH 


twow 'WEN2 


LL , 


Notes: 
(1] RSTW=Vjy. 
[2] V = valid data. 





831H-6704B 
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Timing Waveforms (cont) 


Read Reset Cycle 


(1] RE = VIL: 
(2] V = valid data. 
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Timing Waveforms (cont) 


Write Disable Cycle 


Disable Cycles 


Sm C19 QCaD tN CED SUM ACACUNYNACH) ma C0 ED Ca 


Note: 
{1] V = Valid Data. 
83-003723B 





Read Disable Cycle 


Disable Cyctes 


Z ny k mae 
tac tHz 


BNE RC CD een DY 


Note: 
[1] V = Valid Data. 
83-003646B 
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Timing Waveforms (cont) 





Re-Read Cycle 














Note: 


(1) RE = Vi. 
[2] V = Valid Data. 
[3] The data stored in any location can be re-read as many times as desired within a period of 1ms 
following the writing of data into that location provided that a second write operation has not 
re-written new data into that location. 
83-003644B 
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Description 


The uPD42505 is a 5048-word by 8-bit dual-port line 
buffer fabricated with a silicon-gate CMOS process. The 
device is capable of asynchronous read and write 
operation at high speed, and can be used as atime axis 
converter or a digital delay line of up to 5048 bits (10 bits 
minimum at maximum frequency). 


Applications include image processing in facsimile ma- 
chines, plain paper copiers, video systems, and other 
optical scanners; time base correction in video play- 
back systems; and data communication buffering in 
multiprocessor systems and local area networks. 


Features 


Q 5048-word x 8-bit organization 

QO Dual-port operation 

QO Image processing and data communications 
applications 

Asynchronous and simultaneous reading/writing 
1H (5048-bit) delay line capability 

TTL-compatible inputs and outputs 

Three-state outputs 

Single + 5-volt power supply 

24-pin plastic DIP and 28-pin plastic ZIP packaging 


oooagcaa0 


Pin identification 


Symbol Function 

Dino - Dinz Write data inputs 

Douto - Pout7 Read data outputs 

RCK Read clock input 

RE Read enable input 

RSTR Read address reset input 
RSTW Write address reset input 
WCK Write clock input 

WE Write enable input 

GND Ground 

Veco +5-volt power supply 


60100 


uPD42505 
Line Buffer for 


Communications Systems 


Pin Configurations 


24-Pin Plastic DIP 


DouTts [410 
Doute [11 
Dout7 (12 


28-Pin Plastic ZIP 


HPD42505 


83YL-7174A 





83YL-7175A 





3-161 





pPD42505 


Block Diagram 


NEC 


Row Selectors 


Data Write 
Dino- DIN7 Input Column 
Buffers Selectors 


Ordering Information 


Data 
Output 
Buffers 


Douto - Pout7 


Selectors 





Device Cycle Time (min) Read Access Time (max) Hold Time (min) Package 
UPD42505C-50 50 ns 40 ns 5 ms 24-pin plastic DIP 
C-75 75 ns 55 ns 
C-50H 50 ns 40 ns 20 ms 
C-75H ' 75ns 55 ns 
uUPD42505V-50 50 ns 40 ns 5 ms 28-pin plastic ZIP 
V-75 75 ns 55 ns 
V-50H 50 ns 40ns 20 ms 
V-75H 75 ns 55 ns 


Pin Functions 


Dino through Djy7 (Data Inputs). New data is entered 
on these pins. 


Douto through Dout7 (Data Outputs). These tri-state 
outputs are used to access stored information. In a 
simple digital delay line application, a minimum delay of 
10 clock cycles is required to move data from the input 
pins to the output pins. 


RCK (Read Clock Input). All read cycle are executed 
synchronously with RCK. The states of both RSTR and 


RE are strobed by the rising edge of RCK at the 
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beginning of a cycle. This same edge of RCK starts 
internal read operation, and access time is referenced 
to this edge. The internal read address increments with 
each RCK cycle, unless RE is high to hold the read 
address constant. Unless inhibited by RE, the internal 
read address will automatically wrap around from 5047 
to 0 and begin incrementing again. 


RE (Read Enable Input). This signal controls read 
operation. If RE is low, all read cycles proceed. If RE is at 
a high level, the data outputs become high impedance 
and the internal read address stops incrementing. The 
state of RE is strobed by the rising edge of RCK. 


NEC 


RSTR (Read Address Reset Input). This signal is 
strobed by the rising edge of RCK and resets the 
internal read address to 0. 


RSTW (Write Address Reset Input). Bringing this sig- 
nal low resets the internal write address to 0. The state 
of this input is strobed by the rising edge of WCK. 


WCK (Write Clock Input). All write cycles are executed 
synchronously with WCK. The states of both RSTW and 
WE are strobed by the rising edge of WCK at the 
beginning of a cycle, and the data inputs are strobed by 
the rising edge of WCK at the end of a cycle. The internal 
write address increments with each WCK cycle, unless 
WE is at a high level to hold the write address constant. 
Unless inhibited by WE, the internal write address will 
automatically wrap around from 5047 to 0 and begin 
incrementing again. 


WE (Write Enable Input).This input is similar to RE but 
controls write operation. If WE is at a high level, no data 
is written to storage cells and the write address does 
not increment. The state of WE is strobed by the rising 
edge of WCK. 





Operation 


Reset Cycle. The uPD42505 requires the initialization of 
internal circuits using the RSTW/RSTR reset signals 
before starting operation as a time axis converter or a 
digital delay line. 


Areset cycle can be executed at any time and does not 
depend on the state of RE or WE. However, RSTW and 
RSTR must satisfy required setup and hold times as 
measured from the rising edges of WCK and RCK. 








Write/Read Cycles. Write and read cycles are synchro- 
nized to their respective WCK/RCK inputs and executed 
individually when WCK or RCK is high and WE or RE is 
low. Write data must satisfy setup and hold times as 
specified from the rising edge of WCK. New data written 
to a particular address is available for reading after 1/2 
write cycle + 500 ns (maximum). 


The access time of a read cycle is measured from the 
rising edge of RCK, either by tacr for an access during 
the first cycle directly after a reset begins, or by tac for 
an access under other conditions. Stored data is read 
nondestructively; data can be read repeatedly within a 
prescribed time of 5 ms maximum (20 ms maximum for 
-H versions). 


Time Axis Conversion. To use the uPD42505 as a time 
axis converter, write and read cycles must be controlled 
independently. Write and read ports must be initialized 
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separately using the reset signals. Write cycles can then 
be executed in synchronization with WCK and write 
data can be stored sequentially from address 0 of this 
device. Afterward, when a read cycle is executed in 
synchronization with RCK, stored data can be read 
sequentially from address 0. 


Since write and read cycles can be executed indepen- 
dently, data loaded at one arbitrary drive frequency can 
be read at another arbitrary drive frequency. In this 
sense, the uPD42505 functions as atime axis converter. 


Digital Delay Line. The PD42505 can be easily used 
as a digital delay line of 5,048 bits or less. After the 
internal circuits are initialized using simultaneous 
RSTW/RSTR signals, write/read cycles also may be 
executed simultaneously by supplying the same pulse 
to the write (WCK) and read (RCK) clocks. Write data is 
always read after the full 5,048-bit delay if neither write 
nor read operation has been inhibited. This is the 
essential delay line function. 








if either WE or RE is set at a nonselected (high) level for 
several cycles while the other is maintained in a se- 
lected (low) level, the delay line length can differ from 
5,048 bits. 


For example, if only WE is a set to a high level (write 
disable) for a small number of cycles, read cycles are 
executed continuously and the delay line lengths large 
(see the waveform for “(5048-m)-Bit Delay Line No. 2’). 
Alternatively, if only RE is set to a high level (read 
disable) for a small number of cycles, write cycles are 
executed continuously and the delay line length is 
small. Note that the minimum delay line length is 10 bits 
(for maximum frequency operation) and the maximum 
is 5,048 bits. 


A data delay of 5,048 bits or less can also be obtained by 
applying the RSTW and RSTR signals at different times. 
For example, data loaded for “m” cycles after RSTW can 
then be read after supplying RSTR. In this case, since 
write data can be read from the beginning after a delay 
of “m” cycles, the device can be used as an “m-bit” 
digital delay line. 


The RSTW/RSTR reset signals can also be simulta- 
neously loaded at every 1H (horizontal line) period. In 
this case, write data loaded in the previous line cycle is 
read out from the beginning as read data after the reset. 
Therefore, a delay line length ranging from 10 to 5,048 
bits can be obtained according to the length of the reset 
signals supplied. Refer to the timing waveform for an 
“n-Bit Delay Line.” 
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Absolute Maximum Ratings Recommended Operating Conditions 

Supply voltage, Voc -1.5to +7.0V Parameter Symbol Min Typ Max Unit 
Voltage on any input pin, V; -1,5 to +7.0V Supply voltage Voc 4.5 5.0 5.5 V 
Voltage on any output pin, Vo -1.5 to +7.0V Input voltage, high Vin 2.4 Veco V 
Short-circuit output current, los 20 mA Input voltage, low VIL -1.5 0.8 V 
Operating temperature, Topr -~20 to +70°C Ambient temperature Ta ~-20 70 °C 
Storage temperature, Tst¢ -55 to +125 °C 

Soe ah 8 ee ka fe Pe ee ee Pe Capacitance 


Exposure to Absolute Maximum Ratings for extended periods may Ta = 25°C; Vog = +5,0V +10%; f = 1 MHz 
affect device reliability; exceeding the ratings could cause permanent 


Parameter Symbol Max Unit Test Conditions 
damage. The device should be operated within the limits specified y 


under DC and AC Characteristics. Input C 5 pF WE, RE, WCK, RCK, 
capacitance RSTW, RSTR, Dino - Dinz 
Output Co 7 PF = Douto- Dout7 
capacitance 
Notes: 


(1) These parameters are sampled and not 100% tested. 


DC Characteristics 
Ta = -20 to +70°C; Vog = +5.0V +10% 








Parameter Symbol Min Typ Max Unit Test Conditions 

Write/read cycle operating current loc 60 mA 

Input leakage current iF -10 10 UA V| = OV to Voc; all other pins not under test = OV 
Output leakage current lo ~10 10 LA Dout disabled; Vo = 0 to 5.5V 

Output voltage, high Vou 2.4 V lon =—-1 mA 

Output voltage, low VoL , 0.4 V lol = 2mA 


AC Characteristics 
Ta = -20 to +70°C; Voog = +5,0V £10% 


»#PD42505-50 PD42505-75 PD42505-50H pPD42505-75H 


Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Write clock cycle time twoK 50 990 75 990 50 3960 75 3960 ns 

WCK pulse width twow 20 30 20 30 ns 

WCK precharge time tweop 20 30 20. 30 ns 

Read clock cycle time troKk 50 990 75 990 50 3960 75 3960 ns 

RCK pulse width tacw 20. 30 20 30 ns 

RCK precharge time trop 20 30 20 30 ns 

Access time tac 40 55 40 55 ns 

Access time after a reset tacR 40 55 40 55 ns 

cycle 

Output hold time ton 5 5 5 5 ns 

Output hold time after a | tour 5 5 5 5 ns (Note 7) 
reset cycle 

Output active time tz 5 40. «5 55 5 40 5 55 ns (Note 4) 
Output disable time tyz 5 40 5 55 5 40 5 55 ns (Note 4) 
Data-in setup time tos 15 20 15 20 ns 
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AC Characteristics 
Ta = -20 to +70°C; Voc = +5.0 V +10% 





pPD42505-50 = =PD42505-75 =PD42505-50H pPD42505-75H 





Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Data-in hold time tou 5 5 5 5 ns 

Reset active setup time trs 15 20 15 20 ns (Note 8) 
Reset active hold time tray 5 5 5 5 ns (Note 8) 
Reset inactive hold time tant 5 5 5 5 ns (Note 9) 
Reset inactive setup time tpne 15 20 15 20 ns (Note 9) 
Write enable setup time twes’ 15 20 15 20 ns (Note 10) 
Write enable hold time tweH 5 5 5 5 ns (Note 10) 
Write enable high delay from = tweny 5 5 5 5 ns (Note 11) 
WCK 

Write enable low delay to twen2 15 20 15 20 ns (Note 11) 
WCK 

Read enable setup time tres 15 20 15 20 ns (Note 10) 
Read enable hold time tREH 5 5 5 5 ns (Note 10) 
Read enable high delay from ~— trent 5 5 5 5 ns (Note 11) 
RCK 

Read enable low delay to tREN2 15 20 15 20 ns (Note 11) 
RCK 
Write disable pulse width twew 0 ie) ie) e) ms _—_ (Note 6) 
Read disable pulse width trew 0 0 0 0 ms _—_ (Note 6) 
Write reset time trstw 0 0 0 0 ms __ (Note 6) 
Read reset time trstr 0 0 ce) 0 ms __ (Note 6) 
Transition time tr 3 35 3 35 3 35 3 35 ns 

Notes: 

(1) All voltages are referenced to ground. (7) This parameter applies when tack = tacr (max) 


(8) If either tag or try is less than the specified value, reset 


(2) Input pulse rise and fall times assume ty = 5 ns. . 
operations are not guaranteed. 


(8) Input pulse levels = GND to 3 V. Transition times are measured 


between 3 V and OV. (9) If piped nN or trn2 eee, Pr ae ven ae 
. : reset operations may extend to cycles immediately preceding or 
(4) This delay is measured at +200 mv from the steady-state voltage following the period of desired reset operations. 
with the load specified in figure 2. Under any conditions, tLz = 


t (10) if either twes or twey (tRes Or tpep) is less than the specified 
Hz: : ; 7 
value, write (read) disable operations are not guaranteed. 


(5) Input timing reference levels = 1.5V. ; : 
(11) If either tweni or tweno (tREN1 OF tREN2) is less than the 


(6) twew (max) and tREW (max) must be satisfied by the next specified value, internal write (read) disable operations may 
equations in one line cycle operation: ; extend to cycles immediately preceding or following the period 
twew + tastw + 5048twoK = 5 ms (20 ms for -H versions) of desired disable operations. 


trew t+ trstr + 5048tacK = 5 ms (20 ms for -H versions) 
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Figure 1. Output Load for tac, tacr: ton, and tonr 


831H-6702B 


Figure 2. Output Load for t,z and tyz 





831H-6703B 


Figure 3. Input Timing 


831H-6701B 
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Timing Waveforms 


Write Cycle 


Cyclen Cyclen+1 Cycle n+ 2 


tWoK 


twoP 
ve ae = 
tWEN1 tWES 


twow 


Notes: 
(1] RSTW = Vy. 
[2] V = valid data. 


Read Cycle 


[1] RSTR =Vqy. 
[2] V = valid data. 
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Disable Cycle Cyclen+3 


tDH 





83tH-6704B 


tLz 


High Impedance 


3-167 


pPD42505 N: E Cc 


Timing Waveforms (cont) 


Write Reset Cycle 


Notes: 
[1] WE = VjL. 
[2] V = valid data. 


[1] RE = VIL 
(2] V = valid data. 
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Timing Waveforms (cont) 


Time Axis Conversion Cycle 


WCK 


tRs 


RSTW 





w/OD 









Pour XXX XK KK 


Notes: 
[1] WE = RE = Vy. 
{2] V = valid data. 
{3] Read cycles commence from the rising edge of RCK. For the first cycie 

in a group of reset cycles, the read access time is defined as tacr. 

In all other cycles, tac defines the read access time. 
[4] Write data is strobed into the device on the rising edge of WCK at the 

end of a cycle. 

83vG-7177B 
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Timing Waveforms (cont) 





5048-Bit Delay Line Cycle 


Vv ; Vv 


emer 


WERE y, 
a nnn, 


Notes: 
(1] V =valld data. 
[2] 1H = the first group of 5048 bits. 
2H = the second group of 5048 bits. 





3-170 


N: E C pPD42505 


Timing Waveforms (cont) 


n-Bit Delay Line Cycle 


0) 


Notes: 
[1] V =valid data 
[2] 1H = the first group of bits. 2H = the second group of n’ bits. 


[3] RE = WE=Vy. 
83!H-6717B 
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Timing Waveforms (cont) 


Re-Read Cycle 

WCK 
RCK 0 1 2 m m+1 m+2 n n+1 n+2 

tRH 
trs 
RSTW 

tRH 
trs 





a I 


Notes: 
[1] RE = Vib 
[2] V = valid data. 
[8] The data stored in any location can be re-read as many times as desired, 
within a period of 5 ms following the writing of data into that location, provided 
that a second write cycle has not rewritten new data into that location. 
83vG-7176B 
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Timing Waveforms (cont) 


Write Disable Cycle 





Disable Cycles 







[1] V = valid data. 


83vG-7181B 





Read Disable Cycle 


Disable Cycles 
tREN1 | 'RES tREH | tREN2 


'OH 


tac tHz tLz 


LK K) {X KY {X XY AN High Impedance vA A) {i KY 
v ROK Yen DNL vin ROX vio 21 NOPD GO vines OXY 


Notes: 
[1] V = valid data. 
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Timing Waveforms (cont) 
(5048-m)-Bit Delay Line No. 1 


on 
aa 


Vv Vv Vv Vv Vv Vv 
[0-50.48] [1-5048] [m-1-5048] [m-5048} [m+1-5048] [m+2-5048] 


m Cycles 


[1] RE = V4. 
{2] V = valid data. 
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Timing Waveforms (cont) 


(5048-m)-Bit Delay Line No. 2 


WCK . Z 
Bee 0-5048 41-5048 


RSTR 
RSTW 
nes m Cycles 


: = 


Vv 
[m+2-5048] 











Vv Vv V Vv 
[1-5048] [m-1-5048] [m-5048] [m+1-5048] 





Vv 
[0-5048] 





Notes: 
[1] RE =Vy.. 
[2] V = valid data. 


83VG-7180B 
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NEC Electronics Inc. NTSC Field Buffer 


Description Pin Configuration 


The pPD42270 is a field buffer designed for NTSC TVs -9g_pin Plastic DIP 
applications and for other applications where serial 
data is needed. Equipped with four planes of 263-line by 
910-bit storage, the uPD42270 can execute serial write 
and read cycles on any of the 263 lines. Within a line, 
four planes of 910 bits each may be written or read at 
the NTSC sampling rate of 4fgc. 


Each of the four planes in the uPD42270 is equipped & 

; : Q BSo/WLH 
with two ports, one each for the write and read data P:8 yj 

P fl : wanea ; o cc 

registers. Each of the registers is split into two 455-bit a BS4/RCO 
segments but functions as if it were organized as one ae BSg/WCO 
scan line of 910 bits. Independent control of write and DINg 
read operation makes it possible for the device to DIN; 
operate synchronously or asynchronously at a clock DOUT, Ch 13 DIN2 
frequency of 14.3 MHz or higher. DOUT3 [14 DIN3 





831H-7086A 


The synchronous option simplifies interframe lumi- 

nance (Y) and chrominance (C) separation and inter- 

field noise reduction and makes it easy to obtaina Features 

one-field delay line for digital TV and VCR applications ; 

requiring NTSC 4fg¢ sampling. To obtain a very long © Three functional blocks 

delay, field length can be configured from 260 to 263 — Four 263-line x 910-bit storage planes 

lines and line length of the last line from 896 to 910 bits. — Four 910-bit write registers, one for each plane 
— Four 910-bit read registers, one for each plane 


The asynchronous option is useful in applications such ; } , 
y P PP QO Two data ports: serial write and serial read 


as frame synchronization and time base correction, 
where line jump, line hold, line reset and pointer clear © Asynchronous operation 


functions are required to support special effects in TV — Dual-port accessibility 
field processing. — Carry-out feature to indicate position of scan 
2 #3 F line 
peau ieeg opie Ove? ey ae Ait ee polls — Line jump, line hold, line reset, and pointer clear 
is performed automatically by an internal circuit. All functions 


inputs and outputs, including clocks, are TTL- ; 
compatible. The uPD42270 is packaged in a 400-mil, | ° Synchronous operation 


28-pin plastic DIP and is guaranteed for operation at — Variable field length: from 260 to 263 lines 
-~20 to +70°C. — Variable last line length: from 896 to 910 bits 

O Automatic refreshing 
Ordering Information © CMOS technology 
Part Number Y Ga er Package QO Fully TTL-compatible inputs, outputs, and clocks . 
uPD42270C-60 40 ns 60 ns 28-pin plastic DIP. «~=s:~S«sThree-state outputs 
Single + 5-VOlt power supply 

QO On-chip substrate bias generator 

O Standard 400-mil, 28-pin plastic DIP packaging 
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Pin Identification 


Symbol Function 

Dino - Dina Write data inputs 
Douto - Pouts Read data outputs 
WwW Write enable 

OE Output enable 
WCK Write clock input 
RCK Read clock input 
WCLR Write pointer clear 
RCLR Read pointer clear 





WLRST Write line reset 

RLAST Read line reset 

WLJ Write line jump 

RLJ Read line jump 

WLH Write line hold 

RLH Read line hold 

Wco Write data register carry output 
RCO Read data register carry output 
LS - LSy Line select inputs 

BSo - BS3 Bit select inputs 

MODE Synchronous/asynchronous control 
GND Ground 

Voc +5-volt power supply 

TEST Test pin (connect to GND in system) 


Pin Functions 


Dino - Ding. These pins function as write data inputs, 
e.g., for 4fg¢ Composite color or brightness signals. 


Douto - Dours. These pins are three-state read data 
Outputs. 


W. A low level on W enables write operation. W must be 
kept low throughout the entire scan line to ensure that 
data is stored serially; if W goes high any time during 
the WCK clock sequencing for a line, write operation 
will be disabled for the half of the line (455 bits) being 
written. The write address pointer increments in syn- 
chronization with WCK, regardless of W. 


OE. This signal controls read data output. When OE is 
low, read data is output on Douto-Douts. When OE is 
high, Douto - Douts are in a state of high impedance. 
The read address pointer is incremented by RCK, re- 
gardless of the signal level of OE. 


WCK The rising edge of WCK latches write data from 
Dino - Ding. Each time this signal is activated, the write 
bit pointer increments sequentially and 4 bits of data 
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are sampled and loaded into the write register. Although 
the register functions as one scan line of 910 bits, data 
is moved into and out of it in blocks of 455 x 4 bits. While 
455 serial write cycles are being executed in one-half of 
the register, the 455 addresses previously written to the 
other half are simultaneously transferred to storage. 
Writing continues in this manner, .alternating between 
the two halves of the register. Automatic refreshing and 
data transfer timing decisions are made by the internal 
arbitration circuit after each block of 455 addresses has 
been written. 


RCK. The rising edge of RCK initiates read operation. 
Each time this signal is activated, the bit pointer incre- 
ments by 1 and serial read cycles are executed in the 
read register. Although the register functions as one 
scan line of 910 bits, data is moved into and out of it in 
blocks of 455 x 4 bits. While 455 serial read cycles are 
being executed in one-half of the register, the 455 
addresses previously read out of the other half are 
replaced by data from the storage array. Reading con- 
tinues in this manner, alternating between the two 
halves of the register. Automatic refreshing and data 
transfer timing decisions are made by the arbitration 
circuit after each block of 455 addresses has been read. 
In synchronous operation, WCK controls read cycles 
and RCK is not used. 


WCLR. When WLRST is high, WCLR can be brought low 
to clear the write pointers to address 0 of the data 
register and scan line 0 of the storage array. At least 
one rising edge of WCK must occur while WCLR is held 
low for a minimum of 3ys to ensure clearing of both 
pointers. The clear function ends when WCLR goes 
high. If WLRST is still high, the next rising edge of WCK 
writes the data on Dno - Ding into address 0 of the write 
register. 


RCLR. When RLRST is high, RCLR can be brought low 
to clear the read pointers to address 0 of the data 
register and scan line 0 of the storage array (asynchro- 
nous operation only). At least one rising edge of RCK 
must occur while RCLR is held low for a minimum of 
3ys to ensure clearing of both pointers. The clear 
function ends when RCLR goes high. If RLRST is still 
high, the data from address 0 is read out on Douto - 
Dourts and the next rising edge of RCK initiates data 
access from address 1. 











WLRST. This pin is used in synchronous or asynchro- 
nous operation to reset the bit pointer to address 0 of 
the line following the one to which the signal is applied. 
In standard write operation, the scan line pointer incre- 
ments by 1 whenever the bit pointer reaches the last 
address of a line. If WCLR is high, WLRST can be 
brought low for a minimum of 3 ys to force an end-of- 
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line condition, whereby write cycles begin executing 
from address 0 of the next sequential scan line. When 
used in conjunction with WLH, WLRST resets the cur- 
rent scan line; when combined with WLJ, WLRST begins 
writing from address 0 of the line to which the scan line 
pointer is jumped. 








RLRST. This pin is valid in asynchronous operation and 
can be used to reset the bit pointer to address 0 of the 
read line following the one to which the signal is 
applied. In standard read operation, the scan line 
pointer increments by 1 whenever the bit pointer 
reaches the last address of a line. If RCLR is high, 
RLRST can be brought low for a minimum of 3ys to 
force an end-of-line condition, whereby read cycles 
begin executing from address 0 of the next sequential 
scan line. When used in conjunction with RLH, RLRST 
resets the current scan line; when combined with RL, 
RLRST begins reading from address 0 of the line to 
which the scan line pointer is jumped. 














WLJ. Each positive pulse of this signal increments the 
write scan line pointer by one line (asynchronous 
operation only). WLJ is sampled at the rising edge of 
WCK. If WLU is high, a single jump is executed. If WLJ 
remains high, no further jumps occur. To jump again, 
WLJ must go low for at least one rising edge of WCK 
before going high again. It takes a minimum of two WCK 
cycles to complete a line jump. The first cycle senses 
the high level of WLU and increments the scan line 
pointer. An additional WCK cycle with WLdJ low is re- 
quired to complete the function. If more than one line 
jump is needed, then the sequence must be repeated. A 
line jump occurs either when the current line has been 
completely filled or after WLRST has reset the write 
address. The new scan line can be calculated by 
n+11+1x (where ’‘n’” is the current line and '’x” equals 
the number of positive WLJ pulses). Changes in the level 
of WLJ must be made when the bit pointer is between 
locations 229 and 909 of the current line and when 
WCLR and WLRST are high and WLH is low. 


RLJ. Each positive pulse of this signal increments the 
read scan line pointer by one line (asynchronous oper- 
ation only). RLJ is sampled at the rising edge of RCK. If 
RLJ remains high, a single line jump is executed. To 
jump again, RLJ must go low for at least one rising edge 
of RCK before going high again. It takes a minimum of 
two RCK cycles to complete a line jump. The first cycle 
senses the high level of RLJ and increments the scan 
line pointer. An additional RCK cycle with RLJ low is 
required to complete the function.If more than one line 
jump is needed, then this sequence must be repeated. 











Aline jump occurs either when the current line has been 
completely read or after RLRST has reset the read 





address. The new scan line can be calculated by 
n+ 1+x (where ”n“ is the current line and '’x” equals 
the number of positive RLJ pulses). 


Changes in the level of RLU must be made when the bit 
pointer is between locations 682 and 909 of the previ- 
ous line, or between 0 and 452 of the current line, and 
when RCLR and RLRST are high and RLH is low. 


WLH. Once this input is applied, the write scan line 
pointer will hold its position even if successive write 
clocks are applied. The level of WLH is sampled at the 
rising edge of WCK and must be applied between 
locations 229 and 909 of the line to be held. The held 
line is released after 910 addresses have been rewritten 
or after WLRST resets the write line address. WLH is 
multiplexed with BS2 and is valid in asynchronous 
operation only. WLH (high) must be input only when 
WCLR and WLRST are high and WL is low. 


RLH. Once this input is applied, the read scan line 
pointer will hold its position even if successive read 
clocks are applied. The level of RLH is sampled at the 
rising edge of RCK and must be clocked between 
locations 682 and 909 of the line preceding the line to 
hold, or between locations 0 and 452 of the line to hold. 
The held line is released after 910 addresses have been 
read or after RLRST resets the read line address. RLH 
(high) must be input only when RCLR and RLRST are 
high and RLJ is low. RLH is multiplexed with BS3 and is 
valid in asynchronous operation only. 


WCO. When the bit pointer reaches address 909 of the 
write data register, this signal goes high for one WCK 
cycle. WCO is multiplexed with BS, and is valid in 
asynchronous operation only. 


RCO. When the bit pointer reaches address 909 of the 
read data register, this signal goes high for one RCK 
cycle. RCO is multiplexed with BS; and is valid in 
asynchronous operation only. 

















BSo - BS3. These pins control the number of bits in the 
last line of the field. The combined signals of BSo-BS3 
set the line length from 896 to 910 bits in one-bit steps 
(table 1). The length of the last line can change for each 
field, but all four pins should not be set low. BSo, BS, 
BS2 and BS3 are multiplexed with WCO, RCO, WLH and 
RLH, respectively, and are valid in synchronous oper- 
ation only. In asynchronous operation, the line length is 
fixed at 910 bits. 


LSo - LS;. These pins control the number of lines for 
one field in either synchronous or asynchronous oper- 
ation. The combined signals of LSg and LS, set the 
number of lines to 260, 261, 262, or 263 (table 2). The 
number of lines can be changed for each field. 
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MODE. This pin selects the operating mode. A low 
signal selects synchronous operation and a high signal 
selects asynchronous operation. If MODE is changed 
after power has been applied to the uPD42270, it is 
necessary to clear the address pointers by bringing 
WCLR and RCLR low. MODE can be changed at any 
time; however, data input in one mode may be unreli- 
able in the other (see table 3 for valid pin functions). 








Table 1. Line Length Adjustment 
Number of Bits 

BS3 BSo BS, BSp In the Last Line 
L L L L’ Prohibited 
L L L H 896 
L L H L 897 
L L H H 898 
L H L L 899 
L H L H 900 
L H H L 901 
L H H H 902 
H L L L 903 
H L L H 904 
H L H L 905 
H L H H 906 
H H L L 907 
H H L H 908 
H H H L 909 

H H H 910 
Notes: 


(1) LSg-LS4 and BS - BSg must be held at a stable high or low level 
to maintain the number of bits per scan line and the number of 
scan lines per field while the line pointer indicates the position 
between lines 258 and 262. 


Capacitance 

Ta = 25°C; Vocg = +5.0V 410%; GND = OV; f = 1 MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance C 5 pF 

/O capacitance Cyo 8 pF 

Output capacitance Co 7 pF 
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Table 2. Line Number Adjustment 

LS, LSo Number of Lines 
L L 260 

L H 261 

H L 262 

H H 263 
Notes: 


(1) LS9-LS4 and BSo - BS must be held at a stable high or low level 
to maintain the number of bits per scan line and the number of 
scan lines per field while the line pointer indicates a position 
between lines 258 and 262. 





Table 3. Valid Pin Functions According to Mode 
Synchronous Mode Asynchronous Mode 

Pin Name (Note 1) (Note 2) 

MODE 0 1 

BSp/WCO BS Wwco 

BS,/RCO BS, RCO 

BS2/WLH BSo WLH 

BS3/RLH BS3 RLH 

RCLR Invalid Valid 

RCK Invalid Valid 

RLRST Invalid Valid 

WCLR Valid Valid 

WCK Valid Valid 

WLRST Valid Valid 

WLJ Invalid Valid 

RLJ Invalid Valid 

Notes: 


(1) Write and read cycles are controlled by WCLR, WCK, and WLRST 
in synchronous operation. 


(2) In asynchronous operation, write and read cycles are controlled 
independently. 


Pins Under Test 


Dino - Ding, Wi OE, WCK, RCK, WCLR, RCLR, WLRST, RLRST, 
WLJ, RLJ, LSp - LS;, BSo/WLH, BS3/RLH, MODE | 


BSp/WCO, BS,/RCO 





Dout - Dout 
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DEVICE OPERATION 


The #PD42270 supports two operating modes to ac- 
commodate various NTSC TV applications. Depending 
on the logic level of the MODE pin, the device will 
execute either synchronous or asynchronous write and 
read cycles on the addresses specified by the internal 
address pointers. When selecting the mode after power- 
on, it is necessary to reset these pointers to starting 
address 0 using WCLR and RCLR. The level of MODE 
may be changed at any time. 








Synchronous Mode 


In synchronous mode, write and read cycles are exe- 
cuted simultaneously by WCLR, WLRST, WCK, W and 
OE to create a delay line, which means that write and 
read addresses always coincide. After all lines within a 
field have been written, they then are read out as the 
device begins overwriting new data to the same ad- 
dresses again. Field length may be configured from 260 
to 263 lines and last line length from 896 to 910 bits by 
means of the LS and BS pins, respectively. Synchro- 
nous operation is useful in applications where a very 
long delay line is required and may be selected by 
setting MODE low. 





Asynchronous Mode 


In asynchronous mode, WCLR, WLRST, WCK and W 
control write cycles, while read cycles are controlled 
independently by RCLR, RLRST, RCK and OE. Field 
length may be configured from 260 to 263 lines using 
LSo - LS;. Line length remains fixed at 910 bits and 
BSo-BS3 are disabled to provide for the register carry 
out, line hold, and line jump functions. Asynchronous 
operation is useful for frame synchronization or time 
base correction and may be selected by setting MODE 
high. 


Address Clear. Setting WCLR and RCLR low for a 
minimum of Sys during successive WCK and RCK 
cycles initializes the internal pointers to starting ad- 
dress 0 of the first scan line (RCOLR is disabled in 
synchronous mode). Although address clear signals 
must meet the specifications for setup and hold times 
as measured from the rising edges of WCK and RCK, 
they are not dependent on the status of W or OE. An 
address clear cycle cannot occur in conjunction with 
WLRST or RLRST line reset cycles. 


Write Operation. Write cycles are executed in synchro- 
nization with WCK as W is held low. Bits are input 
sequentially into one of the two halves of the data 
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register before being transferred to the storage array. 
Since data is transferred into the array in blocks of 455 
x 4 bits, no data transfer occurs if W goes high to 
disable write operation before all 455 bits are written. 
Despite write operation being disabled, the internal bit 
pointer continues to increment with each successive 
write clock. 


Read Operation. Read cycles are executed in synchro- 
nization with RCK (asynchronous operation only) or 
WCK (synchronous operation only) as OE is held low. If 
OE goes high any time during a cycle, the outputs are in 
a state of high impedance until! OE returns low. Since 
the internal bit pointer increments by 1 in spite of read 
operation being disabled, it is always important to reset 
the write and read pointers using WCLR and RCLR prior 
to beginning or resuming operation at the first address 
location in the array. 





Special Functions 


Line Reset. A line reset is similar to an address clear 
cycle, except that it only affects the bit pointers within a 
line. While WCLR and RCLR are held high, WLRST or 
RLRST can be brought low for a minimum of 3 ys during 
successive WCK or RCK cycles to reset the bit pointer to 
address 0 of the scan line. At the completion of the reset 
cycle, the next sequential scan line will be selected 
unless line hold (WLH or RLH) or line jump (WLJ or 
RLJ) are also used. See WLRST and RLRST for more 
detail. 

















A combination of line reset and an address clear cycle 


must be separated by at least one serial clock cycle. 
The timing relationship of WCLR, WLRST and WCK (or 
RCLR, RLRST and RCK) is shown in figure 1. 


In asynchronous operation, WLRST and RLRST inde- 
pendently reset the write and read bit pointers. During 
synchronous operation, WLRST resets both pointers. 








Line Jump. With the line jump function, it is possible to 
advance the current write or read line position accord 
ing to the number of positive WLJ or RLJ pulses applied 
(see descriptions for the WLJ and RLJ pins). In this 
cycle, which is valid in asynchronous mode only, the 
scan line pointer resets to address 0 if the number of 
positive pulses causes the resulting line number 
(n+11+1x, where “n” is the current line number and “x” 
is the number of positive WLJ or RLJ pulses) to exceed 
the maximum line number (number of lines minus 1) 
specified by the LS and LS; pins (table 2). 
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Line Hold. The line hold feature is available in asyn- may be held independently; however, restrictions per- 
chronous mode only and can be used to prevent the _ taining to when this function can be initiated, detailed in 
internal scan line pointers from incrementing tothe next — the descriptions for the WLH and RLH pins, should be 
sequential address, The read and write line pointers —_ carefully followed. 





Block Diagram 


‘ DiNo- Ding 
Write Bit Pointer Write Bit Pointer 
Refresh 
Timer 


Write Write Data Register 


Scan 
Line 
Pointer 


Timing 


Generator Line 
Pointer Storage Cell Array 
Scan 
Line 


263 Lines 
Selector Per Plane 


910 Bits Per Line 


Refresh 
Counter 


Read Data Register | Read Data Register F~ _—_—s. |‘ Buffer 


Read Bit Pointer Read Bit Pointer 


Douto~Douts 
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Figure 1. Separation of Clear and Reset Signals Absolute Maximum Ratings 
Supply voltage on any pin except Vocg relative -~1.5 to +7.0V 
t2twek ortRCK to GND, Vr; 
Supply voltage on Vo¢ relative to GND, Vpo -1.5 to +7.0V 
WCK/RCK 

TLUULU LLL Operating temperature, Topr -20 to +70°C 

Storage temperature, Tste ~55 to +125°C 

WCLA/ACLA Short-circuit output current, log 50 mA 
Power dissipation, Pp 15W 


WLRS/RLRST 
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DC Characteristics 
Ta = -20 to +70°C; Veg = +5.0V +10%; GND = OV 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 4.5 5.0 5.5 Vv 
Input voltage, high Vin 2.4 Voc Vv 
Input voltage, low VIL ~1.5 0.8 V 
Ambient temperature Ta -20 70 °C 








Parameter Symbol Min. Typ Max Unit Test Conditions 

Input leakage current Vie ~10 10 HA Vin = OV to Voc; all other pins not under test = 0V 
Output leakage current lo. -10 10 MA Dout disabled; Vout = 0V to Voc 

Output voltage, high Vou 2.4 Vv lon = -1 mA 

Output voltage, low VoL 0.4 V lo. = 2mA 

Standby current loc 6 20 mA WCK, RCK = Vi 

Operating current loce 40 80 mA twox = twek (min); tack = tack (min) 

AC Characteristics 

Ta = -20 to +70°C; Vog = +5.0V +10%; GND = OV 

Parameter Symbol Min Max Unit Test Conditions 
Access time from RCK tac 40 ns 

Write clock cycle time twoK 60 ns (Note 5) 
Write clock active pulse width twow 20 ns 

Write clock precharge time tweop 20 ns 

Read clock cycle time tack 60 ns (Note 5) 
Read clock active pulse width trow 20 ns 

Read clock precharge time trop 20 ns 

Output hold time tou 5 ns 

Output low impedance delay tz 5 40 ns (Note 6) 
Data output buffer high impedance delay tyz 5 40 ns (Note 7) 
Input data setup time tps 15 ns 
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AC Characteristics (cont) 


Parameter Symbol Min 
Input data hold time tou 3 
WCLR (RCLR) setup time before the rising edge of WCK (RCK) tos 20 
WCLR (RCLR) hold time after the rising edge of WCK (RCK) ton 

WCLA (RCLR) invalid hold time after the rising edge of WCK (RCK) toni 

WCLR (RCLR) invalid setup time before the rising edge of WCK (RCK) tone 20 
WCLR (RCLR) low level valid time toLr 3 
WLRST (RLRST) setup time before the rising edge of WCK (RCK) tLrs 20 
WLRST (RLRST) hold time after the rising edge of WCK (RCK) tLRH 

(RCK) 

WLRST (RLRS7) low level valid time tLRST 3 
W setup time before the rising edge of WCK tws 20 
W hold time after the rising edge of WCK twH 

W valid hold time after subline (1/2) switch twni 

W valid setup time before subline (1/2) switch twne2 20 
WLH (RLH) setup time before the rising edge of WCK (RCK) tLHs 20 
WLH (RLH) hold time after the rising edge of WCK (RCK) tLHH 3 
WLH invalid hold time measured from the end of write cycle 227 tWHN4A 5 
WLH invalid setup time measured before write cycle 0 tWHN2 20 
RLH invalid hold time measured from the end of read cycle 681 tRHN1 5 
RLH invalid setup time measured before read cycle 453 tRHN2 20 
WLJ (RLJ) setup time before the rising edge of WCK (RCK) tlus 20 
WLJ (RLJ) hold time after the rising edge of WCK (RCK) tLJH 3 
WLJ hold time measured from the end of write cycle 227 twuN1 5 
WLJ setup time measured before write cycle 0 twuNe2 20 
RLJ hold time measured from the end of read cycle 681 trond 5 
RLJ setup time measured before read cycle 453 truN2 20 
GE setup time before the rising edge of RCK (WCK) toes 20 
OE hold time after the rising edge of RCK (WCK) toEH 

OE valid hold time after the rising edge of RCK (WCK) toEN1 5 
OE valid setup time before the rising edge of RCK (WCK) toEN2 20 
LS, BS setup time before WCK (RCK), line 258 tress Lo} 
LS, BS hold time after WCK (RCK), line 0 trsH 
Write carry output high level delay twoLH 
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Max 


40 


Unit 
ns 
ns 
ns 
ns 
ns 
Us 
ns 
ns 
ns 


ns 


Us 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
Us 
ns 
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Test Conditions 


(Note 8) 
(Note 8) 
(Note 8) 
(Note 8) 


(Note 8) 
(Note 8) 
(Note 8) 
(Note 8) 


(Note 9) 
(Note 9) 
(Note 9) 
(Note 9) 


(Note 9) 
(Note 9) 
(Note 9) 
(Note 9) 
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AC Characteristics (cont) 














Parameter Symbol Min Max Unit Test Conditions 
Write carry output low level delay tWoHL 40 ns 

Read carry output high level delay troLH 40 ns 

Read carry output low level delay tRCHL 40 ns 

Transition time tt 3 35 ns (Note 4) 

Notes: 


(8) For proper execution of the pointer clear and line reset functions, 


A : = specifications for tcs, ton, tena, ton2 tiras» tLRH tLANi and 
(2) Ac measurements assume ty = 5 ns. tLAN2 must be met; otherwise, these functions may not affect the 


(8) Input timing reference levels = 1.5 V; input levels are measured desired cycles or may affect adjacent cycles erroneously. 


between GND and 3.0 V; output levels are measured between 0.8 (9) Ifa W (or OE) pulse does not satisfy the specifications for tws, 
and 2.0 V. See figures 2 and 3. two twni and twno (or toes, toeH: toen1 and togng), the write 


(1) All voltages are referenced to GND 


(4) Vin (min) and Vi, (max) are reference levels for measuring the disable function (output high impedance) being executed may 
timing of input signals. Transition times are measured between ‘not affect the desired cycles or may affect adjacent cycles 
Vin, and Vir. erroneously. 

(5) The minimum specifications are used only to indicate the cycle (10) For the 4sPD42270 to read new data, read operation must be 
time at which proper operation over the full temperature range delayed from write operation by at least-920 cycles. In those 
(Ta = ~20 to 70°C) is assured. cases where the delay is less than 920 cycles, read data will vary 


(6) This delay is measured at-200 mV from the steady-state voltage a8 shown below: 


with the load specified in figure 5. 





Delay Between Write 
(7) This delay is measured at the maximum steady-state output Source of Read Data and Read Operation 
high voltage -200 mV or the minimum steady-state output low 
Old data 0 to 450 cycles 


voltage +200 mV with the load specified in figure 5. 
Indeterminate (either old or new data) 451 to 919 cycles 











New data 920 or more cycles 
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Figure 2. Input Timing 
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Figure 4. Output Loading for tac, ton, twein: tweut; taciu, trcHe 
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Figure 5. Output Loading for t, z and tyz 
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Timing Waveforms 





Synchronous Write/Read Cycle 


one XO EI RNS NEY 


[1] In synchronous mode, output data is delayed by one field from the input data. 
[2] WLRST = WCLR = Vjpy. MODE = Vi_. LSgand LS ; = Vyy or Vy. RLRST, 

RCLR, and RCK are "don't care” inputs. 
[3] BSg- BSg =Vjq OrVyy. 
[4] Data is transferred into and out of the data registers in blocks of 455 x 4 bits. 

When W goes high before all 455 words are Input, write operation Is disabled 

and none of the words are transferred to the storage array. ; 

83VB-7089B 
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Timing Waveforms (cont) 


Asynchronous Write and Read Cycles 


- Swoone KY A RLLK Na 


High impedance 


Notes: 

[1] WCLR = RCLR = Vi4. WLRST = RLAST = Vy. MODE = Vix. 

[2] RLJ, WLJ, WLH, and RLH = Vip or Vy_. LS andLS4 =VyyorVj-. 

[3] Data is transferred into and out of the data registers in blocks of 455 x 4 bits. 
When W goes high before all 455 words are input, write operation is disabled 


and none of the words are transferred to the storage array. 
83VB-7090B 
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Timing Waveforms (cont) 





Synchronous Pointer Clear Cycle 





Dino-O ing 









Douto-DouTs 






[1] W= OE = Vy. MODE = Vy. 
[2] LSq and LS4=Vjy or Vj_. BSg, BS 4, BSp and BSg = Vyy or V 4. 
[3] RLRST, RCLRA, and RCK = don't care. 

[4] WLRST = Viz during the clear cycle. 
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Timing Waveforms (cont) 


Asynchronous Pointer Clear Cycle 


Dino-O ins 


Notes: 

[1] W = OE = Vi_. MODE = Vj. WLRST and RLRST = Vj}4during clear pulse. 
{2] LSq and LS, = Vj or Vic. 

[3] WLH, RLH, WLJ and RLJ = Vj, during clear pulse. 
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Timing Waveforms (cont) 





Synchronous Line Reset Cycle 





Dino-D ing 









Douto-PouTs 








[1] WCLR = Vy. W, OE and MODE = Vj. 
[2] LSg and LSy = Vix or Vi_. BSg— BS3= Viyor Viz. 
[3] RCLA, RLRST, RCK, WLJ, RLJ = don't care. 
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Timing Waveforms (cont) 


Asynchronous Line Reset Cycle 


OwNo-Dine KY 


Douto-Pouts 


Notes: 

[1] WCLR, RCLR and MODE = Vj}. WLH, RLH, WLJ, and RLJ = Vy. during a 
reset cycle. 

[2] LSo and LS, =Vj. 

[3] W=OE=VqL. 
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Timing Waveforms (cont) 





Write Line Jump Cycle 





Notes: 

[1] RCLR, RLRST, RCK, RLH, RLJ, W, and OE = don't care. 

[2] K and K' = 229 to 909 of line n. 

{3} WLRST and WCLR = Viy. 

4] LSo and LSy=Vjyjor Vy . 

jel Eee : A i 83VB-7095B 





Read Line Jump Cycle 


MODE 


Notes: 

[1] WCLR, WLRST, WCK, WLH, WLJ, W, and OE = don't care. 
[2] J and J'= 0 to 452 of line n or 682 to 909 of line n — 1. 

[3] RLRST and RCLR = Vip. 


[4] LSq and LSy = Vipyor Vic. 
83VB-7096B 
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Timing Waveforms (cont) 





Write Line Hold Cycle 


tLHS tLHH 


tWHN2 


aNd 


\ ne 


VIH 
nf i 
MODE 
Notes: 
[1] RLRST, RLJ, W, RLH, OE, RCLR, and RCK = don't care. 
[2] K = 229 to 909. 
[3] WLRST = Viy. WL = Vic. 
[4] LSq and LSy = Viyor ViL. 
83VB-7097B 





Read Line Hold Cycle 


Line n — 4 $$ 5 Line n 
7 451 452 


Notes: 

[1] WLRST, WLJ, W, WLH, OE, WCLR, and WCK = don't care. 
[2] J = 682 to 909 in (n — 1)" or 0 to 452 in nM ine. 

[3] RLAST =Vyy. RLJ = Vj. 

[4] LSg and LSq = Vipjor VIL. 
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Timing Waveforms (cont) 


Synchronous Field Buffer Size Adjustment 


BSg- BS3 
LSo-LS; 


Notes: 

[1] WLRST and WCLR = Vy. 

[2] MODE = Vy . 

[3] RLRST, W, RCK, RCLR, and OE = don't care. 


Asynchronous Field Buffer Size Adjusiment 


LSg- LS 


Notes: 

[1] WGLR, RCLR, WLRST, and ALRST = V IH. 
[2] MODE = ViH. WLJ and Rid = Vy. 

[3] W, OE, WLH, and RLH = don't care. 


Stable 
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Stable 
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Timing Waveforms (cont) 





Write Register Carry Out 


Notes: 

[1] MODE, WCLR, RCLR, WLRST, RLRST = Vjq 
[2] LSg and LSy = Vy or Vi. 

[3] OE, W, WLH, RLH, WLJ, RLJ = don't care. 





Read Register Carry Out 


Notes: 


[1] MODE, WCLR, RCLR, WLRST, RLRST = V jp. 
[2] LSg and LS4 = Vjyor Vy 
[3] OE, W, WLH, RLH, WLJ, RLJ = don't care. 
83VB-7102B 
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APPLICATION EXAMPLES 
Delay Line 


The synchronous mode may be used to create a full- 
field delay line with a fixed length (figures 6 and 7). 
Useful video applications include field interpolation, 
interframe noise reduction, and separation of lumi- 
nance (Y) and chrominance (C) signals. In these appli- 
cations, field buffer size is determined by the logic 
levels applied to pins LSp - LS; and BSo - BS3. The 
former allows variation of the number of lines from 260 
to 263, while the latter controls the actual line length at 
896 to 910 bits for the last line. The actual delay between 
data being written into Dijj and read on Dour is con- 
trolled by the WCK clock period and the con figured 
size of the buffer. 


Frame Synchronization or Time Base Correction 


The uPD42270 has the capability of executing asyn 
chronous write and read cycles by independently 
clocking WCK and RCK, respectively. The feature is 


Figure 6. Example of Delay Line 


Data 
Output 


Notes: 


pPD42270 


useful in applications requiring frame synchronization, 
time base correction or buffering, where WCK, RCK, 
WCLR and RCLR may all have variable time periods. In 
addition, the write carry out (WCO) and read carry out 
(RCO) options give a positive indication when the bit 
pointer reaches the end of the line. 





Vertical or Horizontal Image 
Compression and Expansion 


Vertical compression and expansion of the video im- 
age may be accomplished by means of the line jump or 
line hold functions. Compression occurs when WLJ or 
RLJ are used to jump over lines that are not to be 
displayed. Expansion occurs when the WLH or RLH 
line hold signals are used to display a line multiple 
times. 


Horizontal compression and expansion can be 
achieved by modifying the cycle time of the WCK and 
RCK clocks, and by using the WLRST and RLRST line 
reset signals. 








BS1/RCO 
BSo (WCO 


(1) W, OE, MODE, WLJ, and RLH = VIL 
(2) BSo—- BS3,LSo —LS1, WCLR, and WLRST =-Vj}4. 
(8) RCK, RCLR, and RLRST = don't care. 
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@ Figure7. Delay Line Timing - 


= 
U 
0 
= 
N 
N 
“J 
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WCLR \ 


Ne hf 





moweame XX XXIII 


Notes: 
{ij J=910n+m. 
[2] n = 259, 260, 261, or 262. 
[3] m = 896 to 910. 
[4] MODE, W, and OE = Vy. 
[5] WLRST and WCLR = Vy. 
[6] BSg — BSg and LSg— LS 4 = Viyjor Vi.- 
[7] RLRST, RCK, and RCLR = don't care. 
83VB-7104B8 
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Figure 8 Example of Frame Synchronization/Time Base Correction 





GND 
Read Clock 
Write Clock 
Read Clear 
Write Clear 


Vcc 


BS>/WLH 
Voc 


BS /RCO 


GND Vec 
Read Carry Out 


Write Carry Out 


oan Oak Wh — 
yPD42270 


=~ 
= 0 


_ 
nN 


Data 
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Data 
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= 
wo 





— 
ES 


Notes: 
(1) W, OE, WLJ, RLJ, WLH, and RLH = VIL. 
(2) LSq—LS4, MODE, WLRST, and RLRST = Vy. 
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Figure 9. Asynchronous Read/Write Timing for Frame Synchronization or Time Base Correction 


Dino-D Ing 


DouTo-PouTs 


[1] MODE, WLRST, and RLAST = Vj). 
[2] Wand OE =Vy.. 

[3] LSg and LSy = Vjy or Vi. 

[4] WLH, RLH, RLJ, and WLJ = Viz. 
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Description 


The »PD42272 is a picture-in-picture generator designed 
for use in NTSC and PAL broadcasting systems. Picture- 
in-picture describes the device's ability to combine mul- 
tiple video signals into a single signal for display on a 
television monitor, for input to a VCR, or for use in any 
manner that a single video signal is used. The format 
may be selected so that one primary picture is displayed 
over the entire picture area. The other subpicture(s) can 
then be superimposed onto the primary one to allow 
multiple picture sources to be viewed simultaneously. 


The »PD42272 has an onboard controller, field storage, 
buffer storage, two line buffers, and two oscillators. The 
controller sets the timing, performs vertical filtering, and 
stores and retrieves subpicture signal(s) for insertion 
into the primary picture signal. A line of the subpicture 
signal is placed in buffer storage before being written 
into field storage, which contains that portion of the 
signal to be displayed. The line buffers store a weighted 
average of three lines of the subpicture signal to provide 
vertical filtering, while the onboard oscillators facilitate 
interfacing to the »PD42272. 


The level of integration provided by the 1PD42272 means 
that picture-in-picture can be achieved more quickly and 
easily than with standard video buffers and control 
circuitry. 


Features 


NTSC and PAL compatibility 

Built-in vertical filter 

Selectable subpicture display size 
134,676-bit field buffer 

Two line buffers 

Built-in input and output oscillators 

Four selectable screen positions 
Four-color selection of subpicture frame border 
Selectable freeze-frame display 
Automatic self-refreshing 

6-bit resolution of Y, R-Y and B-Y signals 
Low power consumption of 75 mA max 
CMOS silicon-gate fabrication process 
Three-state outputs 

Fully TTL-compatible inputs and outputs 
Single +5-volt power supply 

64-pin quad flatpack (QFP) packaging 


ogooo0c0ongo an oanaaAnaaaoaA Do 


éuPD42272 
Picture-in-Picture Generator 


Pin Configuration 


64-Pin Plastic QFP 


641] TEST 9 
63{-] TEST, 
56{( MOSCI 
531) RDACK 


mo on 52) BDACK 


YSW 
RSW 
BSW 


DOYo (LSB) 
DOY, 
DOY» 
ADCK DOY3 
(LSB) Dlo DOY, 
Di; DOYs (MSB) 
Dip DORg (LSB) 
Dig DOR, 
Dig VDD 
(MSB) Dis Be OReetS DOR» 
GND GND 
DOR3 
DOR, 
DORs (MSB) 
DOBo (LSB) 
DOB 
DOBa 
DOB, 
DOB, 


O 


SOSCO [J 26 
soscl Cf 27 
(MSB) DOBs C132 





Ordering Information 
Part Number 
#PD42272AGF-3BE 


Package 
64-pin plastic quad flatpack 


Contact your NEC sales representative for a copy of the complete data sheet. 
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Block Diagram 
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Serial to 
Parallel 
Converter 


Vertical 
Filter 


Write 
Address 
Counter 


Line Storage 
86 Pixels x 18 
Bits 


Read 
Address 
Counter 





Input Controller 
& 


Oscillator 


In [— > DoY9- DO's 
[>| 8 [> vor -Dors 
[— DOB g- DOBs 


Field Storage 
87 Lines 
86 Pixels/Line 
18 Bits/Pixel 


Write Read Refresh 
Address Address Address 
Counter Counter Counter 


Address Correction 


BLANKING 
Output Controller YDACK 
& 
Oscillator - RDACK 
BDACK 


RCK 
MFC 
MFDIS 
FDE 
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Pin Identification 


Symbol 
ADCK 
BDACK 


BLANK 
BSW 


Dig - Dig 
DISP 

DOB, - DOBs 
DOR - DOYs 
DOYo - DOYs 
FCg and FC, 
FDE 

HPS 

MFC 

MFDIS 

MHS 

MOSC! 
MOSCO 
MVS 

N/P 

RCK 

RDACK 


RSW 


SFC 
SFDIS 
SHS 
SIZE 
SOSCI 
SOSCO 
STILL 
SVS 
TEST - TEST> 
VPS 
YDACK 


YSW 


Vpp 
GND 


Function 
Analog/digital clock output 


Digital/analog clock for B-Y component signal 
output 


Main picture blanking output 


Dig - Dig output enable for B-Y component 
signals 


Multiplexed B-Y, R-Y, and Y data inputs 
Subpicture on/off input 

B-Y data outputs 

R-Y data outputs 

Y data outputs 

Frame color selection input 

Field distinction data enable input 
Horizontal position input 

Main picture field correction input 
Main picture field distinction input 
Main picture horizontal synchronous input 
Main picture oscillator input 

Main picture oscillator output 

Main picture vertical synchronous input 
NTSC/PAL switching input 

Read clock output 


Digital/analog clock for R-Y component signal 
output 


Dig - Dis output enable for R-Y component 
signals 


Subpicture field correction input 
Subpicture field distinction input 
Subpicture horizontal synchronous input 
Size selection input 

Subpicture oscillator clock input 
Subpicture oscillator clock output 
Freeze frame input 

Subpicture vertical synchronous input 
Test terminals 

Vertical position input 


Digital/analog clock for Y component signal 
output 


Dig - Dig output enable for Y component signals 


+5-volt power supply 


Ground 
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Pin Functions 


ADCK. Y, R-Y and B-Y component signals selected with 
the analog switch are converted from analog to digital 
data in synchronization with this 6 MHz sampling clock. 
Digitized component signals are sequentially input to 
the Dlg - Dis pins, also in synchronization with this clock. 


BDACK. Digitized B-Y component signals are output 
from the DOBg - DOBs pins in synchronization with this 
2.25 MHz sampling clock. 


BLANK. When high, this output signal blanks the main 
picture, enabling the subpicture to be displayed. 


BSW. A high logic level on BSW (while RSW and YSW are 
low) enables the Dlp - Dis pins to be used for receiving 
6-bit B-Y data from the A/D converter. 


Dlp through Dis. These multiplexed pins are used for 
6-bit digitized subvideo input, either B-Y, R-Y or Y, de- 
pending on the levels of BSW, RSW and YSW. Diy is the 
least significant bit and Dl; is the most significant bit. 


DISP. This pin controls the BLANK signal. A high logic 
level enables BLANK, while DISP low inhibits it. The level 
of DISP has no effect on the DOBg - DOBs, DORg - DORs, 
and DOY9 - DOYs pins. 


DOBg through DOBs. These pins are used for 6-bit B-Y 
color. difference output and depend on the status of 
BDACK. When no B-Y data is being output, the pins are 
in high impedance. 

DORpo through DORs. These pins are used for 6-bit R-Y 
color difference output and depend on the status of 
RDACK. ‘When no R-Y data is being output, the pins are 
in high impedance. 

DOYp through DOYs. These pins are used for 6-bit Y 
luminance output and depend on the status of YDACK. 
When no Y data is being output, the pins are in high 
impedance. 


FCo and FC;. The combination of signals from these 
pins is used to specify subvideo frame color, as shown 
below: — 


Pin White Light Blue Yellow Green 
FCo high low high low 


FC, high high low low 


3-203 





pPD42272 


FDE. This pin is used to select external or internal field 
distinction. FDE high enables external field distinction, 
while FDE low inhibits the MFDIS and SFDIS pins and 
causes field distinction to be executed internally. 


HPS and VPS. These horizontal and vertical input pins 
specify positioning of the subpicture. One of the four 
corners on the main picture can be selected by combin- 
ing the input levels on HPS and VPS, as shown below. 


Bottom Right 


Pin Top Left Bottom Left Top Right 
HPS high high low low 
VPS high low high low 


MFC. Fields of the main picture are distinguished by the 
»PD42272 based on the phase relationship of the MHS 
and MVS signals. Field distinction may therefore be 
distorted if the signals are not in proper phase. In these 
cases, a high logic level on MFC can be used to reverse 
field distinction. MFC low has no effect on field distinc- 
tion. 


MFDIS. The even and odd fields of the main picture 
signal are distinguished based on the phase relationship 
of MHS and MVS. MFDIS can be used to provide an 
external signal indicating either an odd (high) or even 
(low) field. 


MHS. This pin is used to input a horizontal synchroniza- 
tion signal for the main picture. The internal read clock 
oscillator is synchronized to the rising edge of MHS and 
increments the field buffer’s read address counter, which 
is used to determine the horizontal display size and 
position of the sub picture. 


MOSCI. This pin is.used as an oscillator input for the 
main picture read clock. To use the internal oscillator, an 
external coil and capacitor must be installed. Alterna- 
tively, an 18 MHz external clock may be input to MOSCI. 


MOSCO. This pin is used as an output for the feedback 
circuit of the main picture’s internal oscillator. . 


MVS. This pin is used to input a vertical synchronization 
signal for the main picture. The falling edge of MVS 
resets the field buffer’s internal read address counter, 
which is used to determine the vertical display size and 
position of the sub picture. 


N/P. A high logic level on this pin selects NTSC compat- 
ibility and a low selects PAL. 


RCK. This pin is used as an output for the subpicture 
read clock, which is derived from MOSCI and MOSCO. 
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RDACK. Digital R-Y component signals are output from 
the DOR») - DORs pins in synchronization with this 
2.25 MHz sampling clock. 


RSW. A high logic level on RSW (while BSW and YSW are 
low) enables the Dlg - Dis pins to be used for receiving 
6-bit R-Y data from the A/D converter. 


SFC. The »PD42272 distinguishes subpicture fields 
based on the phase relationship of the SHS and SVS 
signals. Field distinction of the subpicture may therefore 
be distorted if the signals are not in phase. SFC high can 
be used to reverse field distinction. SFC low has no 
effect on field distinction. 


SFDIS. The even and odd fields of the subpicture sig- 
nal(s) are distinguished based on the phase relationship 
of the SHS and SVS signals. This pin can be used to 
provide an external signal indicating either an odd (high) 
or even (low) field. 


SHS. This pin is used to input the horizontal synchroni- 
zation for the subpicture. The rising edge of this clock is 
used to synchronize the internal write clock oscillator 
which is then used to increment the write address 
counters for the line buffers and the field buffer. 


SIZE. This input is used to specify size of the subpicture 
display area. SIZE high sets a full screen display and 
occupies 1/9 of the main picture. SIZE low displays 80% 
of the subpicture and occupies 1/12 of the main picture. 


SOSCI. This pin is used as an oscillator input for the 
subpicture write clock. To use the internal oscillator, an 
external coil and capacitor must be installed. Alterna- 
tively, an 6 MHz external clock may be input to SOSCI. 


SOSCO. This pin is used as an output for the feedback 
circuit of the subpicture’s internal oscillator. 


STILL. A high logic level selects a stilt picture, while 
STILL low selects a moving picture. 


SVS. This pin is used to input the vertical synchroniza- 
tion signal for the subpicture. The falling edge of this 
signal resets the internal write address counters for the 
line buffers and the field buffer. 


TEST  - TEST2. These are test pins and must be open. 


YDACK. Digital Y component signals are output from 
the DOY9 - DOYs pins in synchronization with this 9 MHz 
sampling clock. 


YSW. A high logic level on YSW (while BSW and RSW are 
low) enables the Dlg - Dis pins to be used for receiving 
6-bit Y data from the A/D converter. 
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Application 


The following block diagram illustrates one application 
for the wPD42272 in an NTSC television system. 


The video signals for the subpicture are separated into Y, 
B-Y, and R-Y component signals and horizontal and 
vertical synchronization signals by the »PC1402 de- 
coder. The Y, B-Y, and R-Y component signals are input in 
parallel to the »PC661 A/D converter, after which they 
are switched to the sequence Y, R-Y, Y, -, Y, B-Y, Y, - using 
time-division multiplexing and converted to digital sig- 
nals. In this instance, timing for the Y, R-Y, and B-Y 
conversion process is regulated by the »PD42272. 


Application Example 


[7 OUTER 


TV Signal G 
Processing Circuit 


Video Primary Video Signal 


Switch 


Subvideo 
Signal 


Video Separator: 


* Video Signal (Y) 

* Chrominance Signals 
¢ Horizontal Syne 

* Vertical Sync 


Multiplexer 
and 6-bit 
Analog/Digital 
Converter 
(uPC661) 
pPC1402 (NTSC) 

pPC%1423 (PAL) 


(uPD42272) 
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After the »PD42272 receives the 6-bit digital data output 
by the »PC661, it compresses the subpicture data and 
stores one field. The output signals are sent by the 
uPD42272 to the wPC662, which contains three D/A 
converters assigned respectively to the Y, R-Y, and B-Y 
signals. If the analog component signals output by the 
D/A converters are to be used by the TV, they then are 
converted to an RGB signal by the »PC1364 matrix 
circuit. If they are to be used by the VCR, they are 
combined with the main picture signal after being con- 
verted into composite signals in the encoder circuit. 


R 
Mixer | c_| RGB 
pPC1417 ms Driver 
R 


Picture-in Picture 
Generator 


Triple 6-bit 
Digital/Analog 
Converter 
(uPD662) 


RGB 
Matrix 
(uPC1364) 


Horizontal Sync 
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Description 


The uwPD42532 bidirectional data buffer features 
32,768-word by 8-bit organization and CMOS dynamic 
circuitry that provides for high-speed, asynchronous, 
simultaneous write and read operation at a minimum 
cycle time of 100 ns. Two sets of write and read 
registers between the I/O pins and the storage cells 
enable all data to be parallel-transmitted as a single 
register group when the registers are either full or 
empty. The device’s main application is data trans- 
mission between devices having different processing 
speeds, such as between a central processor and a disk. 


Automatic refreshing by means of an internal capa- 
bility is performed regularly for the ~PD42532—without 
any influence on write and read operation. A built-in 
arbitration circuit performs each required read, write, 
or refresh operation sequentially (even if transparent 
refreshing overlaps with the transmission of data) to 
simplify the device’s external timing requirements. 


The uwPD42532 operates from a single +5-volt power 
supply and is packaged in a600-mil, 40-pin plastic DIP. 
Four FLAG pins, plus FULL and EMPTY pins, are 
provided to monitor the amount of data accumulated in 
storage. 





The uPD42532 is capable of bidirectional input/output 
by means of a port select function. Input and output 
pins are also supplied for cascade connection. Cas- 
cade connection allows any number of uwPD42532s to 
be linked together so as to expand word width and 
length without limit. 


Features 


CL] 32,768-word by 8-bit organization 

1 CMOS technology 

O Single +5-volt power supply 

1 Independent, asynchronous write/read operation 

LC) Bidirectional transmission of input and output data 
(exchange of port functions) 

O Automatic, regular refreshing 

CL] Internal addressing 

CL] Flag pin monitoring of accumulated data 

LJ Unlimited expansion of word width and depth 
(cascade connection) 

C] Retransmit (re-read) function 

LC) High-speed operation 
— Access time: 50 ns maximum 
— Cycle time: 100 ns minimum 

[] 600-mil, 40-pin plastic DIP packaging 


uPD42532 
32,768 x 8-BIT 
BIDIRECTIONAL DATA BUFFER 


Pin Configuration 


40-Pin Plastic DIP 








NC(_ 1/1 40/7) NC 
DBoAL_ 2 DBoB 
DBiA(_1]3 DB1B 
DB2A[(_]4 DB2B 
DB3A(_]5 DB3B 
GNDC1J6 Vec 
DB4A[_17 DB4B 
DBsA(_]8 DBs5B 
DBeA [_]9 DB6B 









READY B 
REQUEST B 
PS 


READY AL_]11 
REQUEST A [_] 12 
FLAG (_] 13 
FLAG2(_] 14 

Vec 7] 15 GND 
FLAG3(_] 16 
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FLAG4[_]17 FL/RT 
EMPTY (_] 18 Cout 
FULL] 19 CIN 


TEST L_] 20 
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Ordering Information 


Access Time Cycle Time 
Part Number {max) (min) Package 
pPD42532C-10 50 ns 100 ns 40-pin plastic DIP 
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Pin Identification 


Symbol Function 

DBpA-DB7A Port A input/output data buses 
DBpB-DB7B Port B input/output data buses 
RESET Reset input 

REQUEST A/REQUEST B Port A/Port B request input 
READY A/READY B Port A/Port B ready output 
EMPTY Empty output 

FLAG1-FLAG4 Flag outputs 

FULL Full output 

PS Write/read port select input 

IR Interrupt read request input 
FL/RT First load/ retransmit input 

Cin Cascade connection input 
Cout Cascade connection output 
TEST Test pin (connect to GND in system) 
GND Ground 

Vcc +5-volt power supply 

NC No connection 


Pin Functions 


DBoA-DB7A/DBpB-DB7B. These pins function as 8- 
bit data buses for write input or read output depending 
on the status of the PS pin. The output drivers are 
three-state outputs. 


RESET. This pin initializes the internal counters and 
pointers. 


REQUEST A/REQUEST B. Depending on the status of 
PS, one pin corresponds to the read port and the other 
to the write port. To initiate a write or read cycle, the 
signal goes low for the respective port (if READY A or 
READY B is low, the corresponding REQUEST input is 
ignored internally). These pins can be connected to the 
WR and RD pins of a CPU. 


READY A/READY B. Depending on the status of PS, 
one pin corresponds to the read port and the other to 
the write port. When a write or read cycle is possible, 
the READY signal is high for the respective port. These 
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pins can be connected to the READY pins of a CPU or 
DMA controller. 


EMPTY. The signal from this pin is low whenever the 
amount of data accumulated is exactly 0 bytes, and 
high in all other cases. 


FLAG,-FLAG,. These pins reflect the amount of data 
accumulated in the storage array. By combining the 
output signals, it is possible to monitor (in 2K byte 
steps) data quantities of up to 32K bytes. 


FULL. Thesignal from this pin is low when the storage 
cells are full of accumulated data, and high in all other 
cases. 


PS. This pin is used to specify the direction of data 
transfer. When PS is high, Port A serves as the write 
port and Port B as the read port. When PS is low, the 
functions of the two ports are reversed. 


IR. If the data accumulated in storage is less than 64 
bytes (i.e., one register’s capacity), the READY signal 
for the read port goes low to inhibit reading. However, 
forcing IR high makes it possible to read all stored data. 


Read cycles are normally executed so as to maintain 
the stored data volume at levels above 2K bytes. If the 
data volume drops below 2K bytes for devices with 
process code K, all remaining data must be read using 
the interrupt read option. 


FL/RT. This pin designates the lead device when 
multiple devices are cascade connected. It is high only 
for that device and low for all others. If the device is not 
cascaded, a low FL/RT controls the retransmit (re- 
read) function; other than during retransmission, 
FL/RT must be high. 


Cin. This pin is used to expand word depth and is 
connected to the Court pin of the device preceding it in 
cascade connections. If word depth is not expanded, 
Cin is connected to Coyt of the same device. 


Court. This pin is used to expand word depth and is 
connected to the Cyy pin of the device following it in 
cascade connections. If word depth is not expanded, 
Court is connected to Cin of the same device. 
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Block Diagram 
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Operation 
Reset Cycle 


After power is applied to the uwPD42532, it is necessary 
to clear the internal counters and initialize the write 
and read address pointers by executing a reset cycle. A 
reset cycle can be executed at any time by setting the 
RESET pin to a high logic level. However, once this 
cycle is initiated, RESET, REQUEST, and FL/RT must 
be kept high for a minimum time of tsw before the 
RESET signal goes low again (see waveform for “Reset 
Cycle”). The RESET, REQUEST, and FL/RT signals are 
all high at the start of a reset, except in cascade 
connections, in which case a high FL/RT is required 
only in the first stage. 


After a reset, the READY signal for the write port, 
READY (W), is driven high to prepare for a write cycle. 
Subsequently, the REQUEST signal for the write port, 
REQUEST (W), can be set low to commence writing. 
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A standard read cycle can be executed once data 
written to one of the 64-byte registers has filled that 
register and been transferred to the storage cells. The 
READY signal for the read port, READY (R), goes high 
to prepare for the cycle. Subsequently, the REQUEST 
signal for the read port, REQUEST (R), can be set low 
to commence reading. 


Write Cycle 


In a write cycle, data is written to one of two 64-byte 
write registers before being transferred to the storage 
cells. Whenever 64 bytes have been written into one 
register, write operation automatically shifts to the 
other and the contents of the first are transferred to 
storage. High-speed write cycles are thus executed 
continuously by alternating registers repeatedly. Write 
data must satisfy the requirements for setup and hold 
times as measured against the rising edge of REQUEST 
(W) [see waveform for “Write Cycie’’]. 
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A write cycle can be initiated any time READY (W) is 
high by setting REQUEST (W) low. To allow a write 
cycle to be executed in one port even while the other 
port may be executing a read cycle, READY (W) is 
always high after a reset, except in the following cases: 


e Whenever the storage cells are full of accumulated 
data 

e While the device is executing a forced read cycle 
(see Interrupt Read Cycle) 

e When a retransmit operation is being performed 
(see Retransmit Cycle) 


While READY (W) is off, the REQUEST (W) signal is 
ignored internally and no write cycle is executed. 


Figure 1. Write Register Operation 


Storage Cells 
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Figure 2. Read Register Operation 


Storage Cells 
32K x 8 


{ 


Read Data 64x 8x 2 
Register 
V0 Buffer 


83-004810A 


3-210 








NEC 


Read Cycle 


In a read cycle, data is not read directly from the 
storage cells but rather from one of two 64-byte read 
registers. After 64 bytes of data have been read from 
one register, read operation automatically shifts to the 
other and the contents of the first are subsequently 
replaced by data from the storage cells. High-speed 
read cycles are thus executed continuously by alter- 
nating registers repeatedly. 


Data is output after a maximum access time of tac, 
measured. from the falling edge of REQUEST (R). 
When REQUEST (R) is high or READY (R) is low, the 
outputs are ina state of high impedance (see waveform 
for “Read Cycle”). 


Astandard read cycle can be initiated any time READY 
(R) is high by setting REQUEST (R) low. To allowa read 
cycle to be executed in one port even while the other 
port may be executing a write cycle, the READY (R) 
signal is always high, except in the following cases: 


e Whenever the data accumulated is less than 64 bytes 
e While aretransmit operation is being performed (see 
Retransmit Cycle). 


While READY (R) is low, REQUEST (R) is ignored 
internally and no read cycle is executed. 


Flags 


The uPD42532 supplies signals from the EMPTY pin, 
the FULL pin, and the four FLAG pins to indicate the 
amount of stored data in units of approximately 2K 
bytes. Accumulated data is reflected as the difference 
between the write address counter and the read 
address counter. Thus, if atotal of 16K bytes have been 
read while 32K bytes have been written since the most 
recent reset, the amount of data in storage is 16K bytes. 


The FULL and EMPTY pins are used to prevent 
overwriting and overreading. To control write opera- 
tion on data units of register length (64 bytes), the 
FULL pin outputs a low signal when stored data 
reaches the 32,705- to 32,768-byte range. Whenever 
write. cycles are executed continuously and the storage 
cells become full, REQUEST (W) is ignored and the 
signals of FULL and READY (W) are driven low to 
inhibit writing. Meanwhile if read cycles are executed 
and the data decreases to 32,704 bytes or less, READY 
(W) goes high again to enable write operation. . 
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The EMPTY pin goes low whenever stored data is 
exactly 0 bytes. Since standard read cycles cannot be 
executed if the quantity of data drops below 64 bytes, 
READY (R) goes !ow to inhibit read operation. When- 
ever write cycles are executed and stored data 
increases to 64 bytes or more, READY (R) goes high 
again to enable read operation. 


The status of the FLAG pins depends on the internal 
status of the write and read address counters. These 
counters are incremented as data is transferred to or 
from the storage array. Since the logic levels of the 
FLAG pins reflect movement of blocks of data on a 
64-byte-register basis rather than on a single-byte 
basis, the status indicated by these pins can bein error 
by a maximum of 255 bytes with respect to the actual 
amount of data accumulated [i.e., the sum of the write 
register (63 bytes), the read registers (128 bytes), and 
the 64 bytes currently being transferred]. This discrep- 
ancy means that two adjacent ranges of stored data, as 
indicated by the FLAGs, can overlap by up to 191 bytes. 


The following table shows the combination of signals 
output from these pins. 











































































































Table 1. Stored Data as Indicated by Flag Pins 

Amount of Stored ot a FLAG 
Data (bytes) FULL EMPTY 1 2 3 4 
32705 to 32768 0 1 1 1 1 1 
30721 to 32767 1 1 1 1 1 1 
28673 to 30911 1 1 0 1 1 1 
26625 to 28863 1 1 1 0 1 1 
24577 to 26815 1 1 0 0 1 1 
22529 to 24767 1 1 1 1 0 1 
20481 to 22719 1 1 0 1 0 1 
18433 to 20671 1 1 1 0 0 1 
16385 to 18623 1 1 0 0 0 1 
14337 to 16575 1 1 1 1 1 0 
12289 to 14527 1 1 0 1 1 0 
10241 to 12479 1 1 1 0 1 0 
8193 to 10434 1 1 0 0 1 0 
6145 to 8383 1 1 1 1 0 0 
4097 to 6335 1 1 0 1 0 0 
2049 to 4287 1 1 1 0 0 0 
1 to 2239 1 1 0 0 0 0 
0 1 0 0 0 0 0 

Notes: 


(1) 1 =high level 
(2) 0 = low level 
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Interrupt Read Cycle 


Whenever the amount of stored data drops below 64 
bytes (i.e., one register’s capacity), or 2K bytes for 
devices with process code K, READY (R) is driven low 
to inhibit reading. Any data remaining in a write 
register can only. be read by means of an interrupt (or 
forced) read cycle. 


An interrupt read cycle can be executed by forcing the 
IR pin high. At this point, data is transferred from the 
write register to one of the read registers via the 
storage array, and write operation is disabled until all 
stored data has been read. If this cycle is initiated after 
READY (R) goes low, read operation will be delayed 
until all data has been transferred to one of the read 
registers. 


Once the device completes reading of its last address, 
the EMPTY and READY (R) signals are driven low and 
READY (W) goes high to enable write operation again 
(unless a retransmit cycle has been requested). Read 
cycles will be executed only after 64 bytes or more have 
been written and transferred to storage. 





Retransmit Cycle 


The pPD42532 will execute a retransmit cycle when- 
ever a low-level pulse is applied to RT. A retransmit 
cycle initializes the read address counter to starting 
address 0. Although retransmission can be executed at 
any time, REQUEST (W) and REQUEST (R) must be 
high before and after the low RT signal is applied. 


During this cycle, the READY signals are pulsed low to 
temporarily inhibit writing and reading, and the FLAG 
and EMPTY signals vary in accordance with the 
amount of data in storage. After READY (W) goes high 
again, the retransmit preparation cycle is complete. 
Write operation can resume after an extra delay to 
ensure stability of the FLAG and EMPTY pins. If an 
interrupt read signal is applied during retransmission, 
the interrupt read cycle is executed after termination of 
the retransmit cycle. 


The retransmit function is only usefulin systems where 
less than 32K bytes of data are written between resets. 
If a retransmit cycle is executed after more than 32K 
bytes are written, old data cannot be retransmitted. 


Since the RT pin is multiplexed as the first load (FL) pin 
in cascade connections, cascaded devices cannot be 
used for retransmission. In single-device configura- 
tion, this pin is always high except during a retransmit 
cycle. 
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Port Select Function 


The uPD42532 is able to change the direction of data 
transfer according to the logical level of the signal 
applied to the PS pin. When a high-level input is 
applied to PS, Port A becomes the write port and Port B 
the read port. When PS is low, the functions of the two 
ports are reversed. While port functions are being 
assigned, the REQUEST signals must be kept high. 


Since register and storage cell data are preserved 
during port selection, data written to a particular port 
can also be read from that same port. 


Cascade Connection 


The ~PD42532 can be used in a single-device, 32K by 
8-bit configuration or it can be cascade connected by 
means of the Cjy and Court pins to allow unlimited 
expansion of word width and length. : 


Single-Device Configuration. When using the 
uUPD42532 as a single 32K by 8-bit data buffer, connect 
Court to Ciyj and set the FL pin to a high logic level 
(see figure 3). 


Expanded Word Width. When using multiple devices 
to expand word width, connect RESET, REQUEST, PS, 
and IR to the corresponding pins of each wPD42532 in 
parallel and apply common control signals. Each Cout 
pin should be connected to its own Cyy pin (as in the 
single-device configuration) and a high-level input 
applied to each FL. The flag pins of a single wPD42532 
can be used to represent the entire system (see 
figure 4). 


Expanded Word Length. When using multiple devices 
to expand word length, set a high-level input to FL of 
the lead uPD42532 and a low-level input to FL of all the 
others. Each Court pin should be connected to Cy of 
the device following it; Coyt on the last device should 
be connected to Ciy of the lead device. Connect 
RESET, REQUEST, PS, and IR to the corresponding 
pins of each uPD42532 in parallel and apply common 
control signals. 


The EMPTY, FULL, and READY pins of each device, 
respectively, can be ORed together by external logic. 
‘OR’ outputs are composite EMPTY, FULL, and READY 
signals for all data buffers (see figure 5). 








Operation. To enable operation of uPD42532s in cas- 
cade connection, set the RESET signal(s) high to clear 
the internal counters and initialize the write and read 
address pointers. When the reset is complete, start 
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writing to the lead device. While data is being written to 
the first, all other devices output low READY signals 
and ignore the REQUEST signals. When write opera- 
tion in the first .PD42532 (n) reaches the last address, 
its Court pin outputs a high-level signal and forces Cin 
of the next device high. Write operation shifts to the 
next device in succession (n + 1). The READY (W) 
signal of the first device (n) is driven low, and the 
READY (W) signal of the succeeding device (n + 1) 
goes high. 


If only write cycles are being executed, each data 
buffer outputs a low FULL signal as writing is com- 
pleted for that device. At the point where the last device 
finishes writing to its last address, all wPD42532s 
output low-level FULL and READY (W) signals. The 
ORed composite of these signals should be used to 
inhibit write operation. 








If write and read cycles are being executed simultane- 
ously, and the storage cells in the lead device are not 
full of accumulated data when the last device com- 
pletes writing to its last address, write operation shifts 
to the lead wPD42532 again. Writing continues in this 
manner until every data buffer is full. 


Read cycles also begin with the lead device (n) and 
shift to the next (n + 1) once the last address has been 
read. When ail devices have been completely emptied 
of data, the ORed composite of the EMPTY signals is 
low. If the expanded word length configuration has less 
than 64 bytes of data in a write register, EMPTY will not 
be at alow level; READY (R) will be low to indicate that 
standard read operation may not proceed. Forced read 
or dummy write cycles will be required to continue 
reading any accumulated data of less than 64 bytes. 








Figure 3. Single-Device Configuration Block 
Diagram 
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Figure 4. Expanded Word Width Block Diagram 
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Absolute Maximum Ratings 


Terminal voltage, V7 —1.5to +70V 














Operating temperature, Toppy 0 to +70°C 
Storage temperature, TsTg —55 to +125°C 
Output current, Ip 50 mA 
Power supply voltage, Voc —1.5 to +70 V 


Comment: Exposure to Absolute Maximum Ratings for extended 
periods may affect device reliability; exceeding the ratings could 
cause permanent damage. The device should be operated within the 
limits specified under DC and AC Characteristics. 


Recommended DC Operating Conditions 
Ta = 0 to +70°C; Voc = +5.0 V 10% 


Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 24 Vcc V 





input voitage, low Vit —1.0 0.8 V 


DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0 V 10% 


Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Standby supply = Iecq 20 mA - REQUEST A, B 
current = Vin 
Write/read cycle I¢c2 80 mA twc = 100 ns; 
supply current tac = 100 ns 
Write cycle Icc3 60 mA _ two = 100 ns; 
supply current REQUEST (R) = Viy 
Read cycle loca 60 mA tec = 100 ns; 
Supply current REQUEST (W) = Vin 
Input leakage I; —10 10 pA V,=0to Vcc; 
current other inputs =0V 
Output leakage =o —10 10 pA Vo=0to Voc: 
current output disabled 
Output voltage, Voy 2.4 Vlon=—1 mA 
high 
Output voltage, Vo. 04 V_ Ip. =4mA 
low 








yPD42532 
Capacitance 
Ta =0 to +70°C; Vocg = +5.0 V 410% © 
Limits 

Parameter Symbol Min Typ Max Unit Pins Under Test 
Input capacitance (, 10. pF REQUEST, RESET, 

PS, Cin, IR, FL/RT 
Output capacitance Co 10 pF READY, FLAG;- 

FLAGg, Court, 

FULL, EMPTY 
Input/output Cio 10 pF DBpo-DB7 


capacitance 
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AC Characteristics 
Ta =0 to +70°C; Voc = +5.0 V 410% 


Parameter. 

Read cycle time 

REQUEST (R) pulse width 

REQUEST (R) precharge time 

REQUEST (R) low hold time after READY (R) high 
READY (R) low output time 

Access time 

Access time after READY (R) high 

Output data hold time 

Output data off time 

Low-impedance output delay 

Low-impedance output delay after READY (R) high 
READY (R) low time when empty 

READY (R) low time when almost empty 

Write cycle time 

REQUEST (W) pulse width 

REQUEST (W) precharge time 

REQUEST (W) low hold time after READY (W) high 
READY (W) low output time 

Write data setup time 

Write data hold time 

REQUEST high setup time 

READY (W) low time when full 

FLAG1-FLAGg output times 

EMPTY and FULL output valid times 

EMPTY and FULL output hold times 

FULL output off time 

Coyt output off time when read request is executed 
Court output on time when write request is executed 
Ciy setup time for REQUEST (R) 

Cin setup time for REQUEST (W) 

Reset pulse width 

READY, FULL, and EMPTY output times after reset 
FLAG4-FLAG, output times after reset 

REQUEST precharge hold time after reset 

RT disable hold time after reset 
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Symbol 
tac 
traw 
trap 
tron 
tRRF 
tac 
tACR 
tou 
torr 
tz 
tLzR 
tsrR 
teMR 
twe 
twow 
twap 
twon 
twrF 
tow 
tou 
tarp 
teLw 
tFLo 
teFo 
teFH 
tor 
tcor 
tcow 
tcir 
tciw 
tsw 
tswr 
tssr 
tswa 
tsat 


Min 
100 
50 


50 


0 
100 
50 
30 
50 


30 
10 


tr +30 


0 


Limits 
Max 


10000 


10000 
30 
30 
50 


40 


4800 + 64 two 


4800 + 63 twe 


10000 


10000 
30 


3200 + 64 tac 
4800 
40 


3200 
40 
40 


80 
100 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns. 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


NEC 


Test Conditions 
(Note 5) 


(Note 6) 
(Note 14) 


(Note 8) 
(Note 8) 


(Note 5) 


(Note 6) 


(Note 6) 


(Note 9) 
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AC Characteristics (cont) 



































Limits 
Parameter Symbol Min Max Unit Test Conditions 
Court output low time after reset tswe 100 ns 
READY (R) on time after interrupt read is executed terR 0 6400 ns (Note 7) 
READY (W) off time after interrupt read is executed trwr 50 ns (Note 7) 
READY (W) on time after interrupt read tinw 100 ns (Note 11) 
REQUEST (W) hold time after IR input tron 60 ns (Note 13) 
REQUEST (W) setup time before IR input trop 60 ns 
IR pulse width tew 50 2000 ns (Notes 4, 12, 13) 
REQUEST hold time after PS input tpag 100 ns 
REQUEST setup time before PS input tppa 100 ns 
READY output time after port selection tpsp 50 ns 
RT pulse width tetw 50 2000 ns (Note 4) 
REQUEST setup time before RT input tget 60 ns (Note 10) 
REQUEST hold time after RT input tata 60 ns 
READY (R) on time after retransmit is executed trTR 6400 ns (Note 7) 
READY (W) on time after retransmit is executed twat 4800 ns (Note 7) 
READY off time after retransmit is executed tRRT 50 ns 
EMPTY and FULL output hold times after retransmit esp 0 ns 
is executed 
EMPTY reset time after retransmit is executed tRTE 3200 ns 
FLAG4-FLAG, output valid times after retransmit tRTF 8000 ns 
is executed 
Input transition time tr 5 50 ns 
Notes: 


(1) All voltages are referenced to GND. 


(2) All ac measurements assume input pulse rise and fali times of 
5 ns. 

(3) The input voltage reference levels for timing ratings are V4 (min) 
and Vj, (max). Transition time ty is defined between Vj, and Vj,. 


(4) IR and RT inputs cannot be applied simultaneously. A timing 
delay of at least 100 ns is required. See figures 6 and 7 for 
acceptable input methods. 


(5) The maximum pulse width of 10,000 ns applies only when the 
READY signal is on. 


(6) REQUEST cannot be raised to a high level during the tarp + 
tran (Or twon) interval. 


Figure 6. Input Timing for IR and RT: Method 1 


83-004803A 





(7) If an RT (IR) pulse is applied during IR (RT) operation, the RT 
(IR) operation is delayed until IR (RT) operation is released. 

(8) “Empty” is defined as the state where the amount of stored data 
is zero, and “almost empty” is defined as the state where the 
amount of data is 1 to 63 bytes. 

(9) tror is defines from the rising edge of the REQUEST (R) 
signal when the amount of stored data reaches the prescribed 
value (that is, the value at which the FULL signal changes froma 
low level to a high level as defined in Table 1). 


(10) tart = 4800 ns minimum for the devices with process code K. 


Figure 7, Input timing for IR and RT: Method 2 
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AC Characteristics (cont) 


Notes [cont]: 


(11) After all data has been read in an JR cycle for devices with 
process code K, always input a RESET signal to initialize the 
internal circuitry before proceeding to the next operation. See 
figure 8. 


(12) The IR signal is invalid whenever the EMPTY signal is low on 
devices with process code K. 


(13) If an IR input signal is applied in a cascade connection for 
devices with process code K, the REQUEST (W) signal must 
stay at a high level until all data has been read. 


(14) Read cycles are normally executed so as to maintain the stored 
data volume at levels above 2K bytes. If the data volume drops 
below 2K bytes for devices with process code K, read all of the 
remaining data using the interrupt read option. 


Figure 8. Reset Pulse After IR Operation 
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Figure 9. 


Input Timing 
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Output Timing 
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Figure 11. Output Loads 


Output Terminal 
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Timing Waveforms 


Reset Cycle 
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Notes: 
(1) IR = low 
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Timing Waveforms (cont) 
tWRF 
tFLW 
tDH 


tEFO 
tEFH 


ee 


Write Cycle 
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—_——— $$. 
Notes: 
(1) IR = low 
(2) FLIRT = high 
(3) PS = high or low 
(4) RESET = low 
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Timing Waveforms (cont) 


Read Cycle 
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Timing Waveforms (cont) 


Interrupt Read Cycle 
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83-004818B 














3-222 


N: E Cc uPD42532 


Timing Waveforms (cont) 


Retransmit Cycle 
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Timing Waveforms (cont) 


Port Select Cycle 
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Timing Waveforms (cont) 


Cascade Cycle 
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NEC Electronics Inc. Silicon File 


Description Pin Configurations 
The wPD42601 silicon file is an economical mass  _—26/20-Pin Plastic SOJ 


























storage device specifically designed to replace mag- 

netic disk drives in silicon disk, solid-state recording, 

and system backup applications in a variety of com- a hs 
puter systems. Organized as 1,048,576 words by 1 bit, ils ae 
the wPD42601 provides a battery backup feature for aa iG 
enhanced system performance and a substantial sav- NC ng 
ings in power consumption. 8 

The device is capable of executing standard access or a 
page-mode write and read_cycles. Refreshing is acls ~*~ Pe 
accomplished by means of CAS before RAS refresh Ad Ar 
cycles, RAS-only refresh cycles, self-refresh cycles, or Ao Ag 
by normal read or write cycles on the 512 address A3 As 
combinations of Ag through Ag during a 32-ms period. Vcc Aa 
The uPD42601 is uniquely suitable for battery backup {| 83-004632A 





systems because it requires a very low power supply 
current for extended periods of self-refresh operation. 
If ambient temperature is limited to 50°C (max), as little 
as 30 wA (max) is required to maintain all data. 


20-Pin Plastic ZIP 


The uwPD42601 is available in high-density 20-pin plastic 
Z|Por 26/20-pin plastic SOJ packaging. 


Features 


O 1,048,576-word by 1-bit organization 

CX Single +5-volt +10% power supply 

CL] CMOS technology 

L] Low operating power: 12 mA maximum 

LC) 30 wA maximum self-refresh current at 0 to 50°C 
CL] Read or write cycle time: 1000 ns minimum rer 
C] Page-mode cycle time: 200 ns minimum 

O CAS before RAS refreshing 

C] 512 refresh cycles during 32-ms period 

0 Automatic self-refreshing by RAS input cycling 








Ordering Information 


Self-Refresh 
Page-Mode Current 
Part Number Cycle (min) (max, 50°C) Package 
uPD42601LA-60 200 ns 120 uA 26/20-pin plastic SOJ 
LA-60L  200ns 30 uA 
uPD42601V-60 200 ns 120 uA 20-pin plastic ZIP 
V-60L 200 ns 30 uA 


New 4 Mb density and 80 ns speed will be available first half of 1991. 


2 an7 
60080 (NFCFI -1NRA\ 
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Pin Identification 


Name Function 

Ag - Ag Address inputs 

Din Data input 

Dout Data output 

RAS Row address strobe 
CAS Column address strobe 
WE Write enable 

RFSH Self-refresh control 
GND Ground 

Vec +5-volt power supply 
NC No connection 


Block Diagram 






Refresh Address 
Counter 











Refresh Timer 












Timing: a 
Timing Generator 
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Absolute Maximum Ratings 


Voltage on any pin relative to GND, V7 —1.0 to +7.0 V 
Operating temperature, Topp 0 to +70°C 
Storage temperature, Tstg —55 to +125 °C 
Short-circuit output current, los 50 mA 
Power dissipation, Pp 1.0 W 
Supply voltage, Voc —1.0 to +7.0V 


Comment: Exposure to Absolute Maximum Ratings for extended 
periods may affect device reliability; exceeding the ratings could 
cause permanent damage. The device should be operated within the 
limits specified under DC and AC Characteristics. 












Multiplexer 


Row Address 
Buffer 
Row Address 
Decoder 


Storage 
Cell 
Matrix 








Column Address 
Buffer 






Column Address 
Decoder 






Buffer Buffer 
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Operation 
Write and Read Operation 


The wPD42601 is capable of standard write and read 
operation as well as page-mode operation. The ten row 
address bits are set up on pins Ap through Ag and 
latched onto the chip by RAS. Subsequently, ten 
column address bits are set up on pins Ag through Ag 
and latched onto the chip by CAS. An appropriate write 
or read cycle is executed according to the logical level 
of WE: a high WE initiates a read cycle and low WE 
initiates a write cycle. 


Page-mode operation may be executed by pulsing 
CAS repeatedly while maintaining a low RAS. The first 
word is accessed in the same manner as in standard 
write and read operation, with row addresses latched 
onto the chip by RAS and column addresses latched by 
CAS. Subsequent column addresses are accessed for 
each CAS cycle, repeated during a period up to the 
maximum RAS pulse width. 


Refresh Operation 


CAS before RAS Refreshing. This cycle may be 
initiated by bringing CAS low before RAS and holding 
it low after RAS falls. A built-in address counter makes 
external addressing unnecessary. 


RAS-Only Refreshing. RAS-only refreshing is exe- 
cuted by holding CAS high as the row addresses are 
latched onto the chip by RAS. Using this cycle, all 
storage cells are refreshed by the 512 address com- 
binations of Ag through Ag during a 32-ms period. 


vuPD42601 


Self-Refreshing. Aself-refresh cycle is initiated for the 
addresses generated by the internal counter whenever 
RFSH is active low and the RAS input is cycling (see 
figure 1). Since the minimum required RAS cycling 
frequency depends on ambient temperature, power 
consumption will also vary with temperature as shown 
in the AC and DC Characteristics. For extended 
periods of self-refresh operation, a low supply current 
is required; e.g., if ambient temperature is limited to 
50°C (max), as little as 30 wA (max) is required to 
maintain all data. 





Recommended DC Operating Conditions 
Ta = 0 to +70°C; GND =0V 


Limits 

Parameter Symbol Min Wo Max Unit 
Supply voltage Voc 45 5.0 5.5 V 
Input voltage, high Vi 2.4 5.5 V 
Input voltage, low ViL —1.0 0.8 V 
Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol Max Unit Pins Under Test 
Input capacitance Ci 5 pF Address, Diy 

Cio 8 pF RAS, CAS, WE, 

RFSH 

Output capacitance Cp 7 pF Dout 
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DC Characteristics 
Ta = 0 to +70°C; Voc =+5.0V+ 10% 


Limits 























Parameter. Symbol Min Typ Max Unit Test Conditions 
Operating current, I¢c} 12. mA RAS, CAS cycling; 
average Io =0 mA; 
a ree I _. 
Standby current —Ioca 2.0 mA RAS=CAS = RFSH 
see ir 
0.5 mA RAS=CAS=RFSH 
= Voc — 0.4; Ag-Ag, 
Din and WE = Veco 
—040r<04V 
Operating current, !cc3 10 mA tac=trc (min); 
RAS-only refresh, lpn =O mA 
average 
Operating current, I¢cq4 10 mA tac = tre (min); 
CAS before RAS lo =OmA 
refresh, average 
Operating current, Iccs 30 yA RAS cycling at 50 
self-refresh mode, kHz (Notes 1, 2, 3, 4) 
aeereue 60 wA RAS cycling at 100 
kHz (Notes 1, 2, 3, 4) 
120 yA RAS cycling at 200 
kHz (Notes 1, 2, 3) 
Operating current, Iccg 12. mA tpc = tpc (min); 
page mode, lo =OmA 
average . 
Input leakage Ii —1 1 pA Vin=0to Voc; all 
current other pins not under 
test=0V 
Output leakage lot —1 1 yA Doyt disabled; 
current Vout = 0 to Vec 
Output voltage, = VoL 04 V Ip=42mA 
low 
Output voltage, = Voy 2.4 V lo=—5SmA 
high 
Notes: 


(1) When tras S 2.5 ms, I¢cs does not depend on the RAS clock; 
locos (max) = 500 yA. When teas = 2.5 ms, locos (max) =500 uA in 
the first 2.5 ms after RFSH falls (it does not depend on the RAS 
clock). Subsequently, !oc5 is 120 wA for the wPD42601 or is as 
shown in the following table for the wPD42601-L. 








Operating Clock Self-Refresh 
Temperature [Ta] Frequency [min] Current [max] 
0 to 50°C 50 kHz 30 wA at 50 kHz 
0 to 60°C 100 kHz 60 vA at 100 kHz 
0 to 70°C 200 kHz 120 vA at 200 kHz 
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(2) tacr depends on operating temperature as reflected in the table 
below (see figures 2 and 3). 








Operating tar [max] 
Temperature [T,} uPD42601-L . yvPD42601 

0 to 50°C 20 us 5 ys 

0 to 60°C 10 ys 5 us 

0 to 70°C 5 us 5 ys 


(3) Average power supply current required for self refreshing is 
measured according to the following conditions: RAS is cycling 
at 50, 100 or 200 kHz; Vin = Voc — 0.4 Vi Vi_ $0.4 V; tr S50 ns; Ag 
to Ag, Din, WE and CAS = Vcc to GND; RFSH= Vj. When RFSH 
=V (0.4 V), the RAS input must be cycled at or exceeding the 
minimum frequency requirements. 


(4) This specification applies to the vPD42601-L only. For the non-L 
version, Iocs is 120 vA, maximum, at all Tp. 


AC Characteristics 
Ta = 0 to +70°C; Veg = +5.0 V 10% 












































Limits 
Parameter Symbol Min Max Unit Test Conditions 
Random read or write tp 1000 ns (Note5) 
cycle time 
Page-mode cycle time —tpc 200 ns__ (Notes 5, 15) 
Access time from RAS trac 600 ns (Notes 6,7) 
Access time from CAS tcac 100 ns _ (Notes 6, 8) 
(falling edge) 
Output buffer turnoff — torr 0 100 ns_ (Note 9) 
delay 
Transition time (rise ~ ty 3 50 ns_ (Notes 3, 4) 
and fall) 
RAS precharge time _ trp 390 ns 
RAS pulse width tras 600 100000 ns 
RAS hold time tRSH 100 ns 
CAS pulse width tcas 100 10000 ns 
CAS hold time tcsH 600 ns 
RAS to CAS delay time trop 150 500 ns (Note 10) 
CAS to RAS precharge tcrp 30 ns (Note 11) 
time 
CAS precharge time _tcpy 90 ns 
(non-page cycle) 
CAS precharge time _ tcp 90 ns (Note 15) 
(page cycle) 
RAS precharge CAS __trpc 0 ns 
hold time 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Voc = +5.0 V +10% 
























































Limits 
Parameter Symbol Min Max Unit Test Conditions 
Row address setup tasr 0 ns 
time 
Row address hold time tray 90 ns 
Column address setup tasc 0 ns 
time 
Column address hold = tcay 90 ns 
time 
Column address hold__ tar 590 ns 
time referenced to RAS 
Read command setup —trcs 0 ns 
time 
Read command hoid___ tray 75 ns (Note 12) — 
time referenced to RAS 
Read command hold __ trcy 0 ns (Note 12) 
time referenced to CAS 
Write command hold — twcu 90 ns 
time 
Write command hold twcr 590 ns 
time referenced to RAS 
Write command pulse. twp 90 ns 
width - 
Data-in setup time tps . O ns (Note 14) 
Data-in hold time toy 90 ns (Note 14) 
Data-in hold time_ tour 590 ns 
referenced to RAS 
Write command setup twcs 0 ns 
time 
CAS setup time for —_—tcsp 30 ns 
CAS before RAS refresh 
CAS hold time for CAS tcup 105 ns 
before RAS refresh 
Refresh period tReF 32. ms _ Addresses 
Ao-Ag 
Self-Refresh Cycle 
RFSH pulse width tras 810 ns (Note 13) 
RAS to RFSH delay _—tprp 100 ns 
time 
RAS setup time ters 200 ns 
to RFSH 
RAS cycle time in self- trcr 1000 ns (Note 16) 
refresh mode 
RAS precharge time in tape 390 ns 


self-refresh mode 
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Limits 
Parameter Symbol Min Max Unit Test Conditions 
Self-Refresh Cycle (cont) 
RAS pulse width in _ trp 600 ns 
self-refresh mode 
RFSH to RAS delay _tepp 400 “ns 
time 
RAS hold time in self- tery 200 ns 
refresh mode 
Notes: 
(1) All voltages are referenced to GND. 


(2) 


(3) 
(4) 


(5) 


(6) 


(7) 


(8) 
(9) 


An initial pause of 100 us is required after power-up (Voc = 
+5.0 V+10%), followed by any eight RAS cycles, before proper 
device operation is achieved. RAS, CAS, and RFSH must equal 
Vinx during the initial pause. 





Ac measurements assume ty = 5 ns. 


Vin, (min) and Vy (max) are reference levels for measuring 
timing of input signals. Transition times are measured between 
Vin and Vj. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


Load = 2 TTL loads and 100 pF (Voy =2.4 V, Vo_ = 0.4 V). 


Assumes that trop = trop (max). If tacp is greater than the 
maximum recommended value in this table, taac increases by 
the amount that tacp exceeds the value shown. 


Assumes that tacp = tacp (max). 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or Vo_- 


(10) Operation within the tacp (max) limit assures that trac (max) 


can be met. tacp (max) is specified as a reference point only; if 
trop is greater than tacp (max), access time is controlled 
exclusively by tcac. 


(11) The tcrp requirement should be applicable for RAS/CAS cycles 


preceded by any cycle. 


(12) Either tarny or tacH must be satisfied fora read cycle. 
(13) When tras S 2.5 ms, locos does not depend on the RAS clock; 


locos (max) = 500 wA. When teas = 2.5 ms, Iocs (max) = 500 uA 
for the first 2.5 ms after RFSH falls (it does not depend on the 
RAS clock). Subsequently, Iogg is 120 wA for the 4PD42601 or is 
as shown in the following table for the uPD42601-L. 


Operating Clock Self-Refresh 
Temperature [Ta] Frequency [min] Current [max] 
0 to 50°C 50 kHz 30 vA at 50 KHz 
0 to 60°C 100 kHz 60 vA at 100 kHz 
0 to 70°C 200 kHz 120 vA at 200 kHz 
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Notes [cont]: 





(14) These parameters are referenced to the falling edge of CAS for 
early write cycles. 


(15) This parameter is applicable to page-mode operation. 


(16) tacg depends on operating temperature as reflected in the table 
below (see figures 2 and 3). ; 


Operating _ rer imax] 
Temperature [Ta] vPD42601-L vPD42601 
0 to 50°C 20 us 5 us 
0 to 60°C 10 us 5 us 
0 to 70°C 5 us 5 us 


Figure 1. Internal Address Generation in Self-Refresh Operation 






Self-Refresh Operation 

















19 RAS Clocks pene 
4 2 (Note 1) . RAS Clocks 
pees en 
RAS 
—_— 
Address n-14 
Counter 
f 1 
Address (n— 1) Refresh Address (n) Refresh Address (n+ 1) 
Refresh 
Notes: 


(1) One internal address is refreshed every 19 RAS pulses. 
(2) The self-refresh mode is intended primarily for long 
periods of refresh-only operation. 
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Figure 2. Special Requirement for tpcr Near Periods of Limited Standard Refresh Cycles 


Self-Refresh Operation 


| 


m2) 
> 
n 


nse 


tRCF 


tFRD 


Notes: 

[1] The value for tacF [min] is specified in AC Characteristics. The 
value for tacF [max] is dependent upon temperature and shown 
in the table below. 





tRcF [max] 

Ta uPD42601-L uPD42601 
50°C 20 ys 5 us 
60°C 10 us 5 us 
70°C 5 us 5 us 


[2] When exiting self-refresh to a period of read and write operation 
which includes CBR refresh cycles, tacF is the delay between 
the last self-refresh pulse and the first CBR cycle. When 
entering self-refresh operation, tacF is the delay between the 
last CBR cycle and the first self-refresh pulse. 


[3] In this period of normal read/write operation, there are no CBR 
refresh cycles or less than 512 RAS-only refresh cycles. 








tRFS 











Normal Read and Write Operation 


(Note 3) 


Self-Refresh Operation 


tRFD 
tRCF 


{4] The time delay between the last self-refresh pulse in one self- 
refresh cycle, and the first self-refresh pulse in the next cycle, is 
defined by tacF {max] when the intervening period of read and 
write operation meets the conditions in Note 3. 


{5] The built-in counter generates the refresh address in self- 
refresh and CBR refresh cycles. Since this address increments 
sequentially from the tast cycle in either self-refresh or CBR 
operation to the first cycle in the alternate refresh mode, CBR 
refreshing should be used during normal read and write 
operation to refresh one address jocation every 62 ys or less. If 
some other means of refreshing is used, it is necessary to doa 
burst refresh of all storage cells just before changing to and just 
after exiting self-refresh operation. 
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Figure 3. Timing Restrictions for Entering and Exiting Self-Refresh Operation 


Self-Refresh 


RFSH Operation 


Last 
Seif-Refresh 
Pulse 


First CBR 
Cycle 


tRCF 


Notes: 

[1] The value tor tRcF [min] is specified in AC Characteristics. The 
value fortRcF [max] is dependent upon temperature and shown 
in the table below. 


tRCF {max] 
TA uPD42601-L uPD42601 


50°C 20 us 5 us 
60°C 10 ys 5 us 
70°C 5 us 5 us 


[2] When exiting self-refresh to a period of read and write operation 
which includes CBR refresh cycles, tncr is the delay between 
the last self-refresh pulse and the first CBR cycle. When 
entering self-refresh operation, tncF is the delay between the 
last CBR cycle and the first self-refresh pulse. 





Normal Read/Write Operation 


Self-Refresh 
Operation 


First 
Self-Refresh 
Pulse 


Last CBR 
Cycle 


tRCF 


[3] The built-in counter generates the refresh address in self- 
refresh and CBR refresh cycles. Since this address increments 
sequentially from the last cycte in either self-refresh or CBR 
operation to the first cycle in the alternate refresh mode, CBR 
refreshing should be used during normal read and write 
operation to refresh one address location every 62 ys or less. if 
some other means of refreshing is used, it is necessary to doa 
burst refresh of all storage cells just before changing to and just 
after exiting self-refresh operation. 
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Timing Waveforms 


Read Cycle 
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(1) RFSH = Vin. 
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Timing Waveforms (cont) 


Write Cycle (Early Write) 
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Timing Waveforms (cont) 


Page-Mode Read Cycle 


High Impedance 


DouT 


Note: 
(14) RFSH = Vin. 
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toFF 


High Impedance 





NEC 


Timing Waveforms (cont) 


Page-Mode Write Cycle (Early Write) 


yuPD42601 
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Note: 
(1) RFSH = ViH. 
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Timing Waveforms (cont) 





RAS-Only Refresh Cycle 


taSR 


THLE LLLLLLLLLLLLLLLLLLLLL LLL 


High Impedance 
DouT 
Notes: : 
(1) RFSH = Vin. 
(2) WE and Din = don’t care. 
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CAS Before RAS Refresh Cycle Self-Refresh Cycle 





RAS 





Note: 
(1) CAS, WE, Din, Address = don’t care. 


High Impedance 





DouT 

Notes: 

(1) RFSH = Vin. 

(2) WE, Din, Addresses = don’t care. 
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NEC Electronics Inc. 


Description 


The uPD43501 is a time-switch device designed for use 
in a high-performance digital communications net- 
work. Features include a time-switch function by 
which up to 1,024 channels can be exchanged using 
a 16-bit data width, and a tone output function by which 
an 8-bit tone signal can be output to an arbitrary 
channel. 


Two planes of 1-kword by 8-bit storage area and one 
plane of 1-kword by 10-bit control storage area for the 
time-switch function enable the uPD43501 to realize 
switching modes in which arbitrary 1,024 or 512 input 
channels can be connected to arbitrary 1,024 or 512 
output channels. The configuration of the tone signal 
output section, one plane of 64-word by 8-bit tone 
storage area and one plane of 1-kword by 8-bit tone 
control storage area, allows the device to output up to 


64 different tone signals to an arbitrary outputchannel - 


as 8-bit voice/tone data. 


Ordering Information 


Part Number Data Transfer Rate (max} Package 
puPD43501R 8.192 Mbps 132-pin ceramic pin grid 
array (PGA) 


uPD43501 
1,024-CHANNEL 
TIME DIVISION SWITCH 


Features 


OX Separate switch storage and control storage to 
allow construction with one VLSI device of a non- 
blocking switching network having a maximum 
capacity of 1,024 channels 
Ci Selectable operation 
— 1,024 by 1,024 serial input and output 
— 1,024 by 1,024 parallel input and output 
e 16.384 MHz operating frequency 
e 8.192 Mbps data transfer rate 

— 512 by 512 parallel input and output 
e 8.192 MHz operating frequency 
e 4.096 Mbps data transfer rate 

C1 Switching flexibility 
— 8- or 16-bit data width 
— n by 64 kbps connection 

C1 Tone signal output function 

O 8 by 8 space switch for an 8.192 Mbps, 128-channel 
multiplexed line 

C1 CPU interfaces for the control storage and tone 
control storage 

C] Low power consumption: 1000 mW (typ) 

C1 TTL-compatible inputs and outputs 

1 132-pin ceramic pin grid array packaging 





Contact your NEC sales representative for a copy of the complete data sheet. 
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Block Diagram 
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Switching Functions 
Mode 0 


In this mode, the 4PD43501 inputs eight 128-channel 
multiplexed lines from ports Slog through Slpo7 (or 
from Clog through Clg7) and outputs eight 128-channel 
multiplexed lines to ports SOgg through SOg7 (or COo9 
through CQo7). Refer to figure 1 for a functional pin 
diagram. 


Serial input data from the input ports first is converted 
to parallel data by the serial-to-parallel converters in 
the receive section, and then multiplexed and sent to 
the input section of the switch storage area. Since the 
write address counter is synchronized with input data, 
the write address of the switch storage area corre- 
sponds to the time slot number of the input signal. 
Writing multiplexed data to the switch address speci- 
fied by the write address counter causes input data in 
the time slot corresponding to the switch address 
always to be stored at that address (figure 2). 


Conversely, a control storage address corresponds to 
an output-side time slot number, and the data in control 
storage indicates the switch storage address, i.e., the 
input-side time slot number is stored at the control 
storage address corresponding to the output-side time 
slot to which the input-side is transferred. 


The address signal is sent from the read address 
counter to control storage in synchronization with 
each output-side time slot. Data read out by this 
operation is then sent to the switch storage area as the 
address signal, and the data in the specified address 
(input-side time slot) is then read out on the output side 
and switched. Switched data is sent to the parallel-to- 


uPD43501 


serial converters in the transmission section, where it 
is converted to serial data and then output to the 
appropriate output ports. 


With this switching function, the data in an arbitrary 
time slot on the input side can be output as data in an 
arbitrary time slot on the output side. Furthermore, in 
addition to the time division switch function, a space 
switch function enables switching time slots on any of 
the eight input ports to be output on any of the eight 
output ports. This means that a nonblocking 8 x 8 
space switch for 128-channel multiplexed lines can be 
realized. 


Mode 1 


Mode 1 makes it possible for the 4PD43501 to input 
512-channel multiplexed lines (4.096 Mbps by 8 bits), 8 
bits in parallel, and output 512-channel multiplexed 
lines, 8 bits in parallel. The input signals received on 
the input ports are sent to the switch storage area in 
parallel, after which the same switching functions 
described in Mode 0 are then performed. 


Mode 2 


In Mode 2, the wPD43501 inputs 1,024-channel multi- 
plexed lines (8.192 Mbps by 8 bits), 8 bits in parallel, 
and outputs 1,024-channeil multiplexed lines, 8 bits in 
parallel. The input signals received on the input ports 


' are sent to the switch storage area in parallel, after 


which the same switching functions described in 
Mode 0 are performed. 
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Figure 1. Functional Pin Diagram 
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Figure 2. Time Slot Versus Frame Configuration 
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Notes: 

[1] IL = input line 

[2] OL = output line 

[3] TS = time slot ; 

[4] CH = channel 831H-5215B 
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NEC Electronics Inc. 


pPD43608 
SINGLE-CHIP 
CACHE SUBSYSTEM 





Description 


The uPD43608 is an integrated cache subsystem that 
provides the microprocessor system designer with a 
high-performance, single-chip, general-purpose cache 
solution. The uPD43608 consists of a CPU interface, 
directory storage (including address tag and validity 
bit storage), 8K bytes of on-chip data storage, 128 x 
6-bit least recently used (LRU) replacement storage, 
internal address and data paths for cache bypass 
operations, an asynchronous 32-bit system bus inter- 
face, and several features optimizing cache write and 
miss operations. The vPD43608 is also able to interface 
with a number of 16- and 32-bit general-purpose 
microprocessors operating at 16 or 20 MHz. 


Features 


LC) High-performance 16- and 20-MHz operation 
CL] 16- and 32-bit microprocessor interface capability 
0 Integrated cache architecture 
— 8K bytes of on-chip data storage 
— 16-byte cache block size 
— 4-way set associative placement algorithm 
CL} Bus monitoring circuit 
C1 LRU replacement algorithm 
C Prefetch on miss—one block lookahead 
M Fetch bypass and wraparound load 
O) Asynchronous 32-bit system bus interface 
CL] Multichip configuration increases cache size 
 Write-through storage update policy with one-level 
write buffer 
O 132-pin ceramic pin grid array packaging 
[] CMOS circuit technology 


Ordering Information 


Ready Output Cycle Time 
Part Number Time (max) {min) Package 
uPD43608R-2 70 ns 125 ns 132-pin ceramic pin 
R-3 50 ns 100ns —«Sfid array 


Organization 


The uPD43608 is organized as a 4-way set associative 
cache, with 8K bytes of on-chip datastorage organized 
as 128 sets by four 16-byte data blocks. When the CPU 
executes a read cycle, the address tag field of the 
physical CPU address is compared to the address tag 
in the cache directory. If a hit occurs, the selected data 
is sent to the CPU. Otherwise, the u.PD43608 initiates a 
miss cycle to access main storage and update the 
cache with the replacement block. This architecture 
ensures a high hit ratio of 95% in most microprocessor 
applications. 


Optimizing the Miss Cycle 


The hit rate is an important parameter for measuring 
performance. Since a high hit rate of 95% requires that 
the uPD43608 access the main storage array for 5% of 
all read cycles, the penalty in system performance 
incurred during a miss cycle may be significant. The 
uPD43608 provides a number of on-chip features that 
optimize system performance during a miss cycle. 


Data Transfer Cycles 


The uwPD43608 cache subsystem provides two data 
transfer modes for accessing main storage during a 
miss cycle: (1) burst data transfer mode uses the nibble 
access feature of a DRAM in main storage to optimize 
system bus bandwidth; (2) in single data transfer 
mode, an address is transmitted with each read cycle 
to main storage for systems that don’t use nibble 
access DRAMs. 


Block Load and Fetch Bypass Buffers 


Once the replacement block has been read from main 
storage, the block load buffer is used to reduce the 
replacement block transfer time by providing a tem- 
porary buffer for storing the replacement block while 
the cache data storage is being updated. 


Contact your NEC sales representative for a copy of the complete data sheet. 
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Concurrently, the CPU throughput is optimized by 
loading the missed word into the fetch bypass buffer as 
soon as it is read from main storage. The CPU directly 


accesses the fetch bypass buffer and can fetch the- 


missed word without having to wait for the replacement 
block to be stored in cache data storage. If the CPU 
attempts to read the’ next word in the replacement 
block, the cache searches the directory and the block 
load buffer to determine whether or not a hit has 
occurred. Once the entire replacement block is loaded 
into the block load buffer, the data is wraparound- 
loaded into cache data storage. 


Prefetch on Miss 


On cache miss cycles, the uPD43608 implements. a 
one-block lookahead algorithm that prefetches the 
next sequential cache:data block; thus increasing the 
cache hit rate. Although prefetching can improve 
cache performance, a check must be made to deter- 
mine that the block is not currently stored in the cache. 
The uPD43608 performs this check during each pre- 
fetch cycle, searching the cache ‘directory for the 
‘desired prefetch. block. If a hit occurs, the prefetch 


3-246 





logic aborts the cycle. This function, which ensures 
that the cache is not polluted with duplicate data, can 
be enabled or disabled by controlling the cache status 
code signals during each read cycle. 


Replacement Algorithm 


The uwPD43608 -uses a least. aecaniy: used. (LRU) 
replacement algorithm to determine which data block 
should be overwritten during a cache miss cycle. This. 
algorithm improves cache performance by choosing 
the data block with the least ueage to optimize the 
hit rate. 


Main Storage Update Policies 


To maintain data consistency in the storage hierarchy 
during each cache write cycle, the uPD43608 uses a 
write-through method that updates the main storage 
as soon as the CPU writes data to cache storage. CPU 
throughput is optimized by means of a one-level write 
buffer, which temporarily stores write data and initiates 
the write cycle to main storage, allowing the CPU to 
concurrently execute the next instruction. 
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Pin Configuration 


132-Pin Ceramic Pin Grid Array 


Top View | Bottom View 
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Pin Number Function Pin Number ‘Function Pin Number Function” Pin Number ‘Function 
D45 Cg Voc Hy M10 ADay 
Dio C7 GND Ho M4 ADi7 
D190 Cg Voc H3 M12 AD 5 
Dg Cg Ag Hie M43 AD13 
D7 Cio Ag Hy3 M14 Dg 
Ds C1 An Hi4 Ny B 
D3 C42 Ang Jy PRDY No 
De - 043 Aig Je Ng 
Ay C14 Ao J3 PCS Ng 
Ao D, D4 Jy2 N5 
As De Day J43 Ng 
A? D3 Dig J14 ON? 

_ Ato Diz Ais Ky PRD/PWT Ng 
Are Dig Aig Kg CAEN _ Ng 
Deo D14 Agr K3 ST2 N10 
D47 Ey Das Kya AD1 Naq 
D43 EQ D293 Ki3 ADg N12 
Diy E3 Voc Ka ADs Nig 
Dg Ex2 Arg ; Ly sy N14 
Dg E13 ‘Are Le STo Py 
Dy E44 Ar4 L3 PBEg Po 
Dy Fy Do7 Li2 AD14 P3 

‘Do Fo D26 Lig AD+0 Pa 
Ag F3 44 ADg Ps 
Ag F42 A23 My PBE3 Pe 
Ag F43 Aas Mo PBE, P7 
Aig Fig Ag6 M3 PCLK Pg 
Aq? Gy Dog Mg RST Pg 
Dee G2 Dog Ms BCLK Pig 
Dig G3 Mg MDS P44 
D16 Gre GND M7 Veco Pig 
D4 3A Me GND Pig 

G14 Aoz Mg Vcc Pi4 
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Block Diagram 
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uUPD43608 Single-Chip Cache Subsystem 





System Bus Interface 


The integrated system bus interface provides an inter- 
face to contemporary microprocessor system bus 
architectures. The interface circuit consists of a 32-bit 
multiplexed address and data bus, asynchronous bus 
control signals, a bus lock signal, a wait signal, a 
correctable error function, two data transfer modes— 
burst and single, and a system bus clock signal. The 
size of the cache can be increased by connecting 
additional uPD43608 devices in parallel. A write buffer 
busy signal is daisy-chained between the parallel 
devices and automatically controls data transfers in 
multichip configurations. 
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Bus Monitoring 


In multiprocessor system applications, maintaining 
data consistency is a major concern. In such a system 
architecture, an integrated circuit is required to monitor 
the system bus for any updates to main storage. When 
a bus master updates a location in its cache storage 
and writes that change to main storage, all slave 
processors must invalidate any stale cache data. The 
monitoring circuit latches all write addresses on the 
system bus and invalidates any cache data blocks that 
are not consistent with main storage. 
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Signal Function 


Address/data bus 

Memory/I0 

Read/write During an 
Bus lock address cycle 
Prefetch 
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Data strobe 

Byte enable 0/end of cycle 
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Byte enable 2/wait 

Byte enable 3/correctable error 
Main memory write check address 
Bus request 
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Description 


The pPD71641 is an LSI cache controller chip offering 
advanced features, unequaled flexibility, and built-in re- 
liability to system designers. The uPD71641 makes it 
practical and economical to use sophisticated caches in 
microprocessor-based systems. 


The implementation of uPD71641 is transparent to the 
application program. The uPD71641 is configurable from 
direct-mapped to 4-way set-associative mapping. The 
UPD71641 allows up to 128K bytes of cache memory. 
Cache updating is made efficient with sub-block parti- 
tion and burst mode features. 


The uPD71641 can be easily used with many general- 
purpose, high-performance 32-bit or 16-bit microproces- 
sors. Its architecture is suitable for multiprocessors and 
multimaster environments. Cache data consistency is 
ensured by bus monitoring and dual comparator tech- 
niques. The uPD71641 uses a write-through strategy to 
update main memory, which guarantees the best cache 
consistency in a multiprocessor and multimaster sys- 
tem. External data storage is flexible in size and organi- 
- zation. The uPD71641 will work with any word width. 


The uPD71641 is unique in offering features to implement 
a highly reliable cache memory subsystem. The 
MPD71641 provides built-in reliability checks, such as 
address tag parity check, multiple hit detection, and 
self-diagnosis for directory faults. Upon detection of an 
erroneous condition, the uPD71641 can either be dis- 
abled, or continue to operate in a functionally degraded 
mode. 
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éPD71641 
Cache Memory Controller 


Features 


Q General-purpose interface supports high- 
performance microprocessors 


Q Transparent to application programs 


QO Flexible placement algorithm: direct 2-, 4-way set- 
associative 


O Large tag memory configuration: 
— 1024 sets x 1 way x 2 sub-blocks 
— 512 sets x 2 ways x 2 sub-blocks 
— 256 sets x 4 ways x 2 sub-blocks 


Programmable sub-block size up to 64 bytes 

Bus replacement cycle variable from 1 to 16 words 
Supports large cache memory up to 128K bytes 
Supports up to 4G bytes of main memory 

LRU replacement algorithm 

Write-through strategy 

Data consistency check by bus monitoring 
External PURGE input to flush tag store 


Increased reliability through internal error detection 
— Parity check on tag store 

— Incorrect match check 

— Multiple hit check 

— LRU output check 


© Unique level degradation feature to maximize cache 
system up time 


QO 16- and 20-MHz operation 
QO 132-pin PGA package 


000 000 00 0 


Ordering Information 


Max Clockout 
Part Number Frequency Package 
uUPD71641R 20 MHz 132-pin Ceramic PGA 
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Block Diagram 


CLK O-> 
RESET O-> 


Voo © Diagnosis 
o Sequencer 
LRU Memory BualPort Valid FF Array 


. f Cache Directory 


Status 
Registers 


Bus interface Control : Replace Sequencer 


MISS BYPO__CR3-CRO _CW3-CWO 3.9 RA3-RAo RC3-ACo RAE RREQ  RBCY BURST 


CR21-CR20 CW21-CW20 
83SL-5406B 





3-252 


N: KE Cc »PD72120 


NEC Electronics Inc. Advanced Graphics Display Controller 


Description 0 Video timing signal generation 


The pPD72120 Advanced Graphics Display Controller ao ii riser ipael By Eh sha ee 
(AGDC) displays characters and graphics on a raster graphics drawing clocks 

scan device from commands and parameters received — External synchronization capability 

from a host processor or CPU. Features of the AGDC ,, Large-capacity display memory 

include high-speed graphics drawing capabilities, video — Display memory bus interface: 24-bit address and 
timing signal generation, large capacity display memory 16-bit data bus for addressing up to 16M words 
control (including video RAMs), and a versatile CPU 46 bits/word : 
interface. These features allow the AGDC to control — Video RAM (VRAM) control 


graphics drawing and display of bit-mapped systems. — Display memory bus arbitration 


0 Host processor (CPU) interface 

— System bus interface: 20-bit address bus, 8- or 
16-bit data bus 

— Data transfer with external DMA controller: from 
system memory to display memory (PUT); from 
display memory to system memory (GET) 

— High-speed pipeline processing with preprocessor 
before drawing processor 

— CPU memory or I/O mapping of internal registers 
and display memory for efficient system interface 

8-MHz system clock 

CMOS technology 

Single + 5-volt power supply 

Packages: 84-pin PLCC, 94-pin plastic miniflat 





Features 


QO High-speed graphics drawing functions 
— Graphics drawing: dot, straight line, rectangle, 
circle, arc, sector, segment, ellipse, .ellipse arc, 
ellipse sector, and ellipse segment 
— Maximum drawing speed 
500 ns/pixel (8 MHz, pixel mode) 
500 ns/dot (8 MHz, plane mode) 
— Area filling (high-speed processing in word units): 
triangle, trapezoid, circle, ellipse, and rectangle 
— Painting: filling of any arbitrary enclosed area (bit 
boundary retrieval) 

— Data transfers in display memory: multiplane 
transfers; data transformation (90°/180°/270° 
rotation and reversal); multiwindow transfers; 
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Ordering Information 


maximum transfer speed of 500 ns/word Part No Package 
— Image processing: slant, arbitrary angle rotation, uPD72120L 84-pin PLCC 
16/N enlargement, and 'N/16 shrinkage (N any pPD72120GJ-5BG 94-pin plastic miniflat 


integer from 1 to16) 
— Position specification by X-Y coordinates 
— Logical operations between planes 
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Block Diagram 
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Description 


The uPD72123 Advanced Graphics Display Controller II 
(AGDC Il) is an enhanced version of the yPD72120 
AGDC. It executes bit map graphics processing at high 
speed as a peripheral to a host CPU, reducing the host's 
workload and improving processing efficiency. 


Features 


Oo 
oO 


o 


ooagoaoaand 


Compatible with uPD72120 AGDC 

Higher speed drawing 

— 10-MHz drawing clock 

Large command set 

— Line drawing with graphics pen 

— Painting arbitrary or defined areas with tiling 
patterns 

-—— Enlarge, shrink, and arbitrary-angle rotate copy 
commands 

— Data transfer between system and display 
memory 

Flexible system configurations 

— Drawing can be performed on display or system 
memory space 

-—- Data bus can be used with most microprocessors 

— Independent drawing and display clocks 

— VRAM control 

~— Laser printer interface controls 

Versatile drawing environment 

— Pipelined processing 

~— Two X-Y coordinate systems can be defined 

— Conversion between one-dimensional and two- 
dimensional data arrays 

— Clipping/picking 

Improved painting performance 

Bit search command 

Vertical blank interrupt 

Bit reversal 

Drawing wait/retry timing 

CMOS technology 

Single + 5-volt power supply 
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Ordering Information 
Part Number 

uPD72123R 
HPD72123GJ-5BG 
uPD72123L 


Comparison of 1PD72123 and »PD72120 


Item 

Clock frequency 

X-Y coordinate systems 
Line pattern 


Raster operations 
(no. of operands) 


Tiling pattern (horizontal 


Trapezoid fill 
(lower line select) 


Paint speed 

Paint stack area 

Graphics pen 

Bit search 

Vertical blank interrupt 
Laser printer control 
Drawing busy output signal 
Wait drawing cycle 

Retry drawing cycle 


Bit reversal 


Package 


132-pin ceramic PGA - 
94-pin plastic miniflat 


84-pin PLCC 


pPD72123 
10 MHz 
Two 

32 bits 
Three 


32 bits 
a « 


Increased 


Decreased 
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Advanced Graphics 
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8 MHz 
One 
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Two 


16 bits 
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pPD72123 Block Diagram 
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Description 


The uPD72185 Advanced Compression/Expansion En- 
gine (ACEE) is a dedicated high-speed processor that 
performs binary image data compression and expan- 
sion using CCITT Group 3 and Group 4 algorithms. The 
UPD72185 supports all the coding methods specified in 
the CCITT T.4 and T.6 recommendations. 


The uPD72185 ACEE operates on 8- or 16-bit-wide data 
residing in memory. It can compress image data into 
reduced codes and also expand reduced codes into an 
image. Compressed codes can be transferred to or 
from a separate processor or paraliel peripheral 
through an 1/O port. 


The pPD72185 has a high-performance, four-stage 
pipelined architecture. It has separate host CPU and 
image data buses for maximum data throughput. The 
on-chip DMA controller manages all data transfer on 
the image bus. 


The pPD72185 is designed for high-performance image 
compression applications, such as facsimile machines, 
PC FAX boards, scanners, printers, image worksta- 
tions, electronic document storage systems, and mag- 
netic and optical disk based electronic filing systems. 


Features 


Q High-speed processing 
— Compression/expansion of CCITT standard test 
chart (A4 size, 400 PPI x 400 LPI) in under 1 
second 
Internal four-stage pipelined CPU 


O Handles a variety of encoding/decoding methods: 
CCITT standard MH, MR, and MMR 
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puPD72185 
Advanced Compression/ 
Expansion Engine 


O 32K pixels maximum per line 
Q Supports 32-megabyte image memory 


O Image data enlargement/reduction 
— Horizontally 
x2 enlargement (on decoding) 
x1/2 reduction (on encoding) 
— Vertically 
x2 and x4 enlargement (on decoding) 
x1/2 and x1/4 reduction (on encoding) 


Bit boundary processing 
Automatic error handling on decoding 
Multitasking capability 
Dual bus system 
— Image memory side (24-bit address bus, 8/16-bit 
data bus) 
— Host CPU side (8/16-bit data bus) 
Q High integration 
— On-chip DMA controller 
— On-chip refresh timing generation circuit 
€ CMOS process 
— Single + 5-volt power supply 
— System clock: 8 MHz maximum 


oO oO 8 0 


Ordering Information 


Part No. Package 
uPD72185CW 64-pin plastic shrink DIP (750 mil) 
uPD72185L 68-pin PLCC (plastic leaded chip carrier) 
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Block Diagram 
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Description 


The wPD7220A high-performance graphics display 
controller (HGDC) is an intelligent microprocessor 
peripheral designed to be the heart of a high-perfor- 
mance raster scan computer graphics and character 
display system. Positioned between the video display 
memory and the microprocessor bus, the HGDC 
performs the tasks needed to generate the raster 
display and*manage the display memory. Processor 
software overhead is minimized by the HGDC’s sophis- 
ticated instruction set, graphics figure drawing, and 
DMA transfer capabilities. The display memory sup- 
ported by the HGDC can be configured in any number 
of formats and sizes up to 256K 16-bit words. The 
display can be zoomed and panned, while partitioned 
screen areas can be independently scrolled. With its 
light pen input and multiple controller capability, the 
HGDC is ideal for advanced computer graphics 
applications. 


For a more detailed description of the HGDC’'s 
operation, please refer to the 7220/7220A design 
manuals. 


System Considerations 


The HGDC is designed to work with a general purpose 
microprocessor to implement a high-performance 
computer graphics system. Through the division of 
labor established by the HGDC’s design, each of the 
system components is used to the maximum extent 
through a six-level hierarchy of simultaneous tasks. At 
the lowest level, the HGDC generates the basic video 
raster timing, including sync and blanking signals. 
Partitioning areas on the screen and zooming are also 
accomplished at this level. At the next level, video 
display memory is modified during the figure drawing 
operations and data moves. Third, display memory 
addresses are calculated pixel by pixel as drawing 
progresses. Outside the HGDC at the next level, 
preliminary calculations are done to prepare drawing 
parameters. At the fifth level, the picture must be 
represented as a list of graphics figures drawable by 
the HGDC. Finally, this representation must be 
manipulated, stored, and communicated. By handling 
the first three levels, the HGDC takes care of the high- 
speed and repetitive tasks required to implement a 
graphics system. 


NECEL-063 


HPD7220A 
High-Performance 
Graphics Display Controller 


Features 


CO) Microprocessor interface 
— DMA transfers with 8257- or 8237-type 
controllers 
— FIFO command buffering 
QO) Display memory interface 
— Up to 256K words of 16-bits 
— Read-modify-write (RMW) display memory 
cycles as fast as 500 ns 
— Dynamic RAM refresh cycles for nonaccessed 
memory 
0 Light pen input 
1 Drawing hold input 
0 External video synchronization mode 
O Graphic mode 
— Four megabit, bit-mapped display memory 
C Character mode 
— 8K character code and attributes display 
memory 
0 Mixed graphics and character mode 
— 64K if all characters 
— 1 megapixel if all graphics 
C1 Graphics capabilities 
— Figure drawing of lines, arc/circles, rectangles, 
and graphics characters in 500 ns per pixel 
— Display 1024-by-1024 pixels with 4 planes of 
color or grayscale 
— Two independently scrollable areas 
C) Character capabilities 
— Auto cursor advanced 
— Four independently scrollable areas 
— Programmable cursor height 
— Characters per row: up to 256 
— Character rows per screen: up to 100 
0 Video display format 
-— Zoom magnification factors of 1 to 16 
— Panning . ; 
— Command-settable video raster parameters 
O NMOS technology , 
CX Single +5 V power supply 
1 DMA capability 
— Bytes or word transfers . 
— 4clock periods per byte transferred 
O On-chip pull-up resistor for VSYNC/EXT, HSYNC 
and DACK, and a pull-down resistor for LPEN/DH 
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Ordering Information 


Part Package Max Frequency 
Number Type of Operation 
pPD7220AD 40-pin ceramic DIP 6 MHz 
uPD7220AD-1 40-pin ceramic DIP 7 MHz 
uPD7220AD-2 40-pin ceramic DIP 8 MHz 


Pin Configuration 


2xwcLk C 1 


21 LJ LPEN/DH 
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Character Mode Pin Utilization 





Pin 
No. Symbol Function 
35-37. AD43-AD45 Line counter bits 0 to 2 outputs 
38 AD46 Line counter bit 3 output 
39s ADy7 


Cursor output and line counter bit 4 


Mixed Mode Pin Utilization 


Pin 
No. Symbol Function 
35-37 AD y3-AD 45 Address and data bits 13 to 15 
38 Ais Attribute blink and clear line counter 
output - 
39 Ai7 Cursor and bit-map area flag output 
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Pin Identification 


Pin 

No. Symbol Function 

1 2xWCLK Clock input 

2 DBIN Display memory read input flag ~ 

3 HSYNC Horizontal video sync output 

4 V/EXT SYNC Vertical video sync output or external 
VSYNC input 

5 BLANK CRT blanking output 

6 ALE Address latch enable output 

7 DRQ DMA request output 

8 DACK DMA acknowledge input 

9 RD Read strobe input for microprocessor 
interface 

10 WR Write stobe input for microprocessor 
interface. 

11 Ao Address select input for microprocessor 
interface 

12-19 — DBo-DB7 Bidirectional data bus to host micro- 
processor 

20 GND Ground 

21 LPEN/DH set pen detect input drawing hold 
inpu 


22-34 = ADp-AD 42 
35-37. AD43-AD45 


Address data lines to display memory 
Utilization varies with mode of 


operation 

38 Ais Utilization varies with mode of 
operation 

39 Ai7 Utilization varies with mode of 
operation 

40 Voc +5 V +10% power supply 
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Block Diagram 
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Introduction 


The current trend in storage devices is toward larger, 
faster, better-performing products. There is a comple- 
mentary trend toward the development of storage 
devices designed for specific purposes. The video 
buffer is an example of a dedicated device. Line 
buffers, field (frame) buffers for TV and broadcast 
equipment, and graphics buffers for computers are 
examples of video storage devices. Table 1 shows some 
of NEC’s dedicated video buffers. 


APPLICATION NOTE 54 
uPD42505 

LINE BUFFER FOR 
COMMUNICATIONS SYSTEMS 



























































Table 1. Video Buffers 
Function Product Storage Configuration Serial Cycle Time Application in Video/Optical Systems 
Line buffers uPD42505 5048 x 8 50 or 75 ns Line storage in facsimile machines, 
copiers, and scanners 
vPD41101/uPD42101 910 x8 34 or 69 ns Double-speed scan conversion for 
, NTSC TV, luma/chroma separation 
uPD41102/uPD42102 1135 x 8 28 or 56 ns Double-speed scan conversion for 
PAL TV, luma/chroma separation 
Field buffer uPD42270 263 x 910 x 4 60 ns Image field storage 
Dual-port graphics uPD41264 64K x 4/256 x 4 40 or 60 ns High-speed drawing device 
pues yPD42274/ sPD42273 256K x 4/512 x 4 30 or 40 ns 
Triple-port graphics uPD42232 32K x 8/256K x 1/128 x 8 40 or. 60 ns High-speed drawing/image ~~ 
buffer processing device 
Bidirectional data puPD42532 32K x 8 100 ns Data transfer rate conversion 
buffer 


This application note introduces the wPD42505, a high- 
speed serial access device with the same general 
interface specifications as those of the wPD41101. The 
uUPD42505 was developed specifically for office auto- 
mation equipment that handles a large amount of data 
in each horizontal line, equipment such as G3 and G4 
digital facsimile machines, high-performance copiers, 
and image scanners. 


There has been a great deal of technical progress 
toward higher quality and performance in the devel- 
opment of this image-processing equipment. For 
example, there are already advances in image quality 
using two-dimensional filtering, image contraction 
and expansion, and high-speed video signal transfer. 
The wPD42505 achieves optimal processing with a 
storage array of 5048 x 8 bits, and by use of an internal 
algorithm to read out data in the order in which it was 
input. The fast cycle time of 50 ns allows the wPD42505 
to perform various types of image processing. 


Figure 1 shows a typical application for. the wPD42505 
using a digital copier as an example. 


A digital copier mainly consists of a reader and a 
printer section. The image reflected from the original 
document placed in the scanner section is input to an 
image sensor (e.g., a CCD or contact-type image 
sensor) and photoelectrically converted to a digital 
signal. The digital signal is then input to the image 
processing section for image quality improvement and 
processing. The electronic image signal processed in 
the reader block is sent to the printer block, converted 
to light in the laser modulation section, developed, 
fixed, and printed out. !f a communication facility is 
added to this copier, it can function as a facsimile 
machine. . 


Digital copiers and facsimile machines configured in 
this way can use dedicated video buffers in the image 
processing or transmission section. 
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Figure 1. Configuration and Data Flow in a Digital Copier 
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Uses for the vPD42505 


The following discussion describes the types of 
applications for which the wPD42505 was developed: 
frequency (speed) conversion, a data delay line for one 
horizontal scanning line, and buffering for data trans- 
fer operations in a simple configuration with simple 
control. 


Consider the need for a device that asynchronously 
converts the read and write speed for frequency 
conversion, e.g., a serial access device used for image 
contraction or expansion, with a word length of one to 
two horizontal lines. The buffer must be written to and 
read from asynchronously and at different rates. High 
speed is also a requirement. Figure 2 illustrates a 
frequency conversion application. 
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Figure 2. Frequency Conversion 
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Another application might require a data delay line 
with a delay length of one to two lines. This type of 
buffer could be used for image quality improvement in 
two-dimensional filtering, especially for filtering in the 
vertical direction, because it could be written to and 
read from simultaneously in synchronization with a 
single clock signal. Figure 3 illustrates two-dimen- 
sional! filtering. 


A third application is a buffer for data transfer 
operations. This application requires a device large 
enough to store the amount of data handled, with the 
capability to read and write asynchronously, simul- 
taneously, and at different speeds. An output suchasa 
flag to indicate the amount of data in the storage array 
mightalso be required. Figure 4 illustrates buffering for 
data transfer. 


Figure 3. Two-Dimensional Filtering 
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Figure 4. Data Transfer Buffering 
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These applications typically require a double-buffer 
configuration using high-speed SRAMs for data stor- 
age in bits, as shown in figure 5. 


In the first phase, data is written to the first SRAM while 
data in the second SRAM is read simultaneously, 
alternating operations between the two SRAMs. How- 
ever, this operation requires components such as read 
and write address counters, a multiplexer to switch 
address signals according to the read and write state of 
each device, a multiplexer to switch write data input 
and read data output, and a sophisticated controller to 
control the SRAMs and the other components. The 
uPD42505, by performing some of these functions 
itself, considerably simplifies these applications. 
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Figure 5. Typical System Using High-Speed SRAMs 
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Features of the vPD42505 


The yPD42505 is a 5048-word x 8-bit high-speed serial 
access device that uses 1.5-um CMOS processing and 
dual-port storage cell circuits allowing simultaneous, 
asynchronous read and write cycles at different 
speeds. An internal algorithm makes an external 
address signal unnecessary. 
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Read and write operations are fully and independently 
controlled by their own set of control signals. The 
storage array length of 5048 words meets the size 
required to sample one line of JIS A3-size paper on the 
shorter side (297 mm) with a sampling rate of 16 
dots/mm (400 dots/in). On the longer side (418 mm), 
the sampling rate is 12 dots/mm (300 dots/in). The 
uPD42505 can easily process document data for each 
line. The configuration of 8 bits to 1 word corresponds 
to the number of bits for one sampling point, which 
allows the device to process natural-looking images. 


The uPD42505 can be used in video applications that 
require high-speed processing because of its minimum 
simultaneous write/read cycle time of 50 ns and 
maximum access time of 40 ns. For example, the cycle 
time of 50 ns is fast enough to digitally process an 
NTSC or PAL composite video signal ata sampling rate 
of four times the color subcarrier frequency (4fgc). 


The uPD42505 is particularly suitable for use as a 
digital delay line with a delay length of up to 5048 
cycles in one-cycle steps. The device is mounted in a 
300-mil, 24-pin plastic slim DIP. The 300-mil width 
allows high-density mounting. 
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»uPD42505 Pinout 


Pins 1 through 12 control read operation (Doyto-DoutT7, 
RSTR, RE, and RCK) and the GND pin. Pins 13 through 
24 control write operation (Dyjo-Din7, RSTW, WE, and 
WCk) and the power supply (Vcc). 








RSTW and RSTR are control signal inputs that reset 
the internal read and write address pointers to starting 
address 0. These pins are useful for initializing the chip 
after power-on or for returning the address to 0. 


Figure 6. ~PD42505 Pin Configuration 
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WE and RE are control signals that enable (low) or 
disable (high) write and read operation. When WE is 
high, write operation is disabled and the write address 
stops at the current value. When RE is high, read 
operation is disabled, the read address stops at the 
current value, and the output goes to high impedance. 
WE and RE may be input at any time, but they are 
latched in each cycle at the rising edge of WCK or RCK, 
respectively. 


WCK and RCK are the write and read system clock 
inputs. One write or read cycle is executed in syn- 
chronization with each WCK or RCK input when WE or 
RE is low. The write or read address is incremented 
internally in single steps and wraps around auto- 
matically from 5047 to 0. 


Dino-Din7z are the write data input pins. Write data is 
clocked into the chip at the rising edge at the end of the 
WCK cycle. Douto-Dout7 are the read data output 
pins. Read data is output when the access time has 
elapsed from the rising edge at the beginning of the 
RCK cycle. 
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Read and Write Timing 


Input a low-level signal to RSTW (for writing) or RSTR 
(for reading) to satisfy the setup and hold times measured 
from the rising edge at the beginning of the WCK or 
RCK cycle. This returns the cycle to starting address 0. 
Figure 7 shows read and write timing for the wPD42505. 


As the figure shows, the RSTW or RSTR signal can end 
in one write or read cycle or can be repeated for 
successive write or read cycles. Repeating the reset 
cycle holds the address at 0. The address is incre- 
mented to address 1 only in a cycle when RSTW or 
RSTR is set high at the rising edge of the WCK (RCK) 
cycle. For write reset, the write data clocked in the last 
reset cycle is written to address 0. For read reset, the 
data in address 0 is output continuously. After the 
reset, write or read operation continues as the address 
is incremented by 1 for each cycle in synchronization 
with its appropriate clock. When the internal address 
reaches 5,047 (i.e., when write or read cycles are 
executed 5,048 times), the address returns to address 0 
and the write or read operation starts over at that point. 








Speed Conversion. Independently controlling the read 
and write operations of the wPD42505 allows you to 
perform speed conversion. For example, when the read 
and write addresses are initialized by RSTW and RSTR, 








Figure 7. Read and Write Timing 


Notes: 
{1] WE = RE = Vit. 
[2] V = Valid data. 
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data is written in synchronization with WCK and the 
write data is written to the chip from device address 0. 
Data written can be read out from address 0. In this 
case, the reset signal input timing and the clock signal 
speed (cycle time) can be independently controlled for 
read and write operation. The wPD42505 can be used 
for speed (frequency or time axis) conversion by 
outputting the data previously input with an arbitrary 
drive frequency and time at a different drive frequency 
and time. 


Digital Delay Line. To use the wPD42505 as a digital 
delay line, input the same clock to WCK and RCK and 
reset the read and write cycles in parallel. Written data 
is read out after 5,048 cycles to provide a 5,048-cycle 
digital delay line. 


There are three ways to control the delay length: 
@ By controlling the WE and RE signals 


® By inputting RSTW and RSTR at different times (the 
delay length is determined by the offset between the 
signals) 


@ By changing the reset signal interval when RSTW 
and. RSTR are concurrently controlled (the delay 
length is determined by the reset signal input 
interval) 
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The delay length can be changed in one-cycle steps by 
controlling WE and RE. When WE and RE are high, 
write and read operation is disabled. The write and 
read addresses remain where they were when the 
operations were disabled, regardless of WCK and RCK. 


When RSTW and RSTR are used to control the delay 
length, the data written at address 0 when RSTW is 
input is read out from address 0 when RSTR is next 
input. The offset between RSTW and RSTR determines 
the delay length. 
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In the third method, changing the reset signal input 
interval, the same signal is used for WCK and RCK so 
that RSTW and RSTR are controlled together. The 
data, written after a reset signal, is read out after the 
next reset signal in the order it was written. This 
interval determines the delay length. For example, if 
the reset signal is input every 4,800 cycles, the delay 
length is 4,800 cycles. Figure 8 shows the timing for 
this method. 








Figure 8. Controlling Delay Length with the Reset Interval 











[1] V = Valid Data. 
[2] 1H = the first group of n bits. 2H = the second group of n’bits. 
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Functional Blocks 


The write data input from pins Dino-Din7 goes through _ these cells is serially output from the Doyt pins 
the Diy buffer and is serially written to either a static | through the sense amplifier and the Doyr buffer, one 
cell in an 8-byte configuration, ora dynamic cellina byte at a time, in synchronization with RCK. The read 
5,040-byte configuration, one byte (8 bits) at a time, in and write control circuits control these operations. 
synchronization with WCK. The data read out from 


Figure 9. uPD42505 Block Diagram 
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Storage Cells 


The wPD42505 uses dual-port storage cells to allow 
read and write cycles to.be executed asynchronously 
and at different speeds. Figure 10 shows a circuit 
diagram of a static dual-port storage cell, and.figure 11 
shows a dynamic dual-port storage cell. 


In the static cell, read and write data are input as a 
differential signal so that it can operate at a higher 
speed. The circuit size is larger because it requires 
more components. 


Figure 10. Static Dual-Port Storage Cell 
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RW [Word Line for Read Operation] . 
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Dynamic Dual-Port Storage Cell 
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The dynamic cell has only one.bit line for read 
operation and one for write operation. It requires a 
longer data sense phase, reducing the speed. However, 
it can be configured with fewer components. 


Both types of cells are used in the vPD42505 to exploit 
the- advantages of each. Other than initializing the 
internal address pointer to the starting address with the 
reset signal, the ~PD42505 is configured so that the 
internal address is incremented one bit at a time and 
data is serially accessed. After a reset operation 
(immediately changing the addressing sequence), a 
static dual-port storage cell that can operate at higher 
speed is accessed. Simultaneously or subsequently, a 
dynamic cell is used as a pipeline, allowing both types 
of cells to be accessed at high speed. 


Pipeline operation refers to an instance where the word 
line (row) to be selected next is set to the selected level 
in advance, so that it can be written or read at high 
speed in the time required to select a column in 
dynamic static-column mode. 


Shift registers are used as read and write column and 
row selectors to enable the sequential selection of 


-write or read addresses in pipeline processing. 


‘Applications 


Signal processing technology aims toward higher 
quality in the development of digital copiers and 
facsimile machines. As examples, consider image 
quality improvement processing such as the adaptive 
bilevel control technique, which produces a stable and 
accurate binarization regardless of the original docu- 
ment type, and the two-dimensional equalizing filter, 
which corrects fading in photoelectric signal conver- 
sion. The wPD42505 fits easily into these processes. It 
can also reduce system size and cost. 


Two-Dimensional Filter 


In handling an image with half-tones, e.g., a photo- 
graph, there is some deterioration in the image quality, 
such as thin lines and small characters fading out; 
fading is usually caused by the lens or photoelectric 
signal conversion, system in a CCD sensor. A two- 
dimensional filter is very effective in enhancing 
contours where contrast changes sharply and in 
reducing the fading problems. Figure 12 shows a 
contour enhancement circuit. 
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Figure 12. Contour Enhancement Circuit 
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In this example, the video input is handled as a 4-bit 
signal so that a circuit with a delay length equal to two 
scanning lines can be configured with a single 
“PD42505. Adding adders or subtractors and multi- 
pliers to the wPD42505 completes the contour 
enhancement configuration. 


The video signal of the n+1th line (delayed by one 
scanning line) is input to Dijo-Ding and output from 
Douto-Dout3 as the nth line. Applying this output 
directly to Djj4q-Din7 delays the video signal another 
scanning line before it is output from Doyt4-DoutT7 as 
the n—1th line. There is a delay of one scanning line 
between the signal input to Dyjno-Djng and the signal 
output from Doyto-Douts3, and a delay of another 
scanning line between the signal input to Dyyy4-Dinz7 
and the signal output from Doyt4-Doutz. Processing 
these signals in the adders and multipliers provides 
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contour enhancement in the vertical direction. You can 
control the delay length by controlling the reset signals 
(RSTW and RSTR) and the clock signals (WCK and 
RCK) in common, and by controlling the reset signal 
input interval. 








The delay length of one scanning line is used in various 
applications for two-dimensional data processing. The 
»PD42505 can also be used in applications such as 
VTR jitter compensation (time axis variation) caused 
by the variance in head drum rotation rate or the expansion 
or shrinkage of the tape, applications requiring 
variable-length delay lines to contract or expand a 
video image in the horizontal direction, applications 
involving the synchronization of two or more digital 
signal inputs, and as a line buffer in data transfer 
operations between devices using different data trans- 
fer rates. 


2.971 
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Figure 13. yPD42505 5048 x 8 Line Buffer 
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Introduction 


The wPD41101 and wPD41102 are high-speed serial 
access line buffers organized as 910 words x 8 bits and 
as 1135 words x 8 bits, respectively. An algorithm that 
enables data to be read out in the order in which it was 
input makes these devices suitable for use as data 
delay lines or for converting data transfer rates, e.g., as 
buffer storage used for data transfer between devices 
with different data processing rates. 


The wPD41101 can process an NTSC composite video 
signal (the TV system used in Japan and North 
America) that has been previously digitized. The fast 
access times of the device allow a sampling frequency 
of four times the color signal subcarrier frequency 
(where fgc = 3.58 MHz and 4fgsc = 14.32 MHz) for 
each scanning line to be used. This means that 910 
addresses are required for each scanning line when 
sampling at 4fgc. 


The uwPD41102 can process a PAL composite video 
signal (the TV system used in European countries 
other than France) that has been previously digitized. 
This device also uses a sampling frequency of four 
times the color signal subcarrier frequency (where fgc 
= 4.43 MHz and 4fgc = 17.72 MHz) for each scanning 
line, which means that 1135 addresses are required for 
each scanning line when sampling at 4fgc. 


Figure 1 shows the pin configuration for these devices. 
The Dino-Din7, RSTW, WE, and WCK pins control write 
operation, while Doyto-Dout7, RSTR, RE, and RCK 
control read operation. The pins are organized to 
operate asynchronously and at different speeds simul- 
taneously. A built-in serial address generator auto- 
matically generates read and write addresses so that 
an address need not be supplied externally. 





High-Speed Operation 
Write and Read Operation 


Write and read cycles are executed identically. One 
address of data (8 bits) is written or read in one cycle 
in synchronization with WCK or RCK when WE or RE 
is low. The write or read address is incremented by 1 
at the falling edge of each write or read clock. Write 
data must satisfy setup and hold times as measured 
from the rising edge of WCK. 
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The RSTW and RSTR reset signals initialize the write 
and read address pointers to 0. A reset signal must be 
input to satisfy the setup and hold times as measured 
from the rising edge of WCK or RCK. Once the address 
is initialized, a write or read cycle is executed in 
synchronization with its respective clock and the 
pointer is incremented by 1. In the wPD41101, the 
pointer returns to 0 after address 909. In the wPD41102, 
the pointer returns to 0 after address 1134. 


When WE is high, write operation is disabled and the 
line address is held regardless of the status of WCK. 
When RE is high, read operation is disabled, the output 
goes to high impedance, and the line address is held 
regardless of the status of RCK. 


Functional Blocks 


The write data from Djno-Din7 goes through an input 
buffer and is serially written to either a static cell in an 
8-byte configuration, or a dynamic cell in an 1136-byte 
configuration, one byte (8 bits) at a time, in synchroni- 
zation with WCK. The data read from these cells is 
serially output from the Dour pins through a sense 
amplifier and the output buffer, one byte at a time, in 
synchronization with RCK. The read and write circuits 
control these operations. 


WCK, WE, and RSTW are input to the write control 
circuit. RCK, RE, and RSTR are input to the read 
control circuit. These segments are composed of simple 
gate circuits (figure 2). 
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Figure 2. Block Diagram of the uPD41101 and uPD41102 
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Storage Cells 


The wPD41101 and ~PD41102 use dual-port storage 
cells to execute read and write cycles asynchronously 
and at different speeds (figures 3 and 4). 


Static Cell Organization. In the static cell, two pairs of 
transfer gates (one pair each for read and write 
operation) are connected to the flip-flop in the middle. 
The other end is connected to a pair of bit lines for read 
operation (RD, RD), and another pair for write opera- 
tion (WD, WD). One word line each for RW and WW are 
connected to the transfer gate pins. 


When the word line for a write cycle (WW) goes to the 
selected level, and write data is applied to the pair of bit 
lines (WD, WD) of the selected column, a write cycle is 
executed on the cell where the row (word line) and 
column (bit line) intersect. 


A read cycle is executed independently. When the 
word line goes to the selected level (RW), data is trans- 
ferred to the bit line pair (RD, RD) through a transfer 
gate. Data is selected by the column signal and read 
externally. Data in the storage cell at the intersection of 
the selected row and column is also read. 


Read and write data are input as a differential signal so 
that the static dual-port cell can operate at a higher 
speed. The circuit size is larger because it requires 
more components. 


Dynamic Cell Organization. Each dynamic array in 
the wPD41101 and wPD41102 consists of two subarrays 
with 77 rows apiece. Each row of the subarray consists 
of 8 (number of bits) x 8 addresses (bytes). Each row of 
each subarray therefore has 8 subword lines. Figure 5 
shows the organization of a dynamic array. 


The pPD42101 and wPD42102 exactly replace the #PD41101 and wPD41102. 
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Figure 3. Dual-Port Static Storage Cell 
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Figure 4. Dual-Port Dynamic Storage Cell 
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Figure 5. Organization of Dynamic Storage Array 
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The dynamic cell has only one bit line for each read 
(RD) and write (WD) operation, one word line for each 
read (RW) and write (WW) operation, three transistors, 
and one capacitor. Although the longer data sense 
phase reduces its speed, a dynamic cell can be con- 
figured with fewer components and used for high- 
density integration. 


In a write cycle, write data input through the bit line 
(WD) is guided through a transfer gate made conduc- 
tive by the word line (WW). The gate charges or 
discharges the storage capacitor. 


In a read cycle, the transistor with the gate connected 
to one end of the storage capacitor is turned on or off 
depending on whether or not the capacitor is charged. 
Data is transferred to the bit line (RD) through the 
transfer gate, made conductive by the word line (RW), 
and then read externally. Word and bit lines for each 
operation are independent of each other so that read 
and write cycles can be executed asynchronously. 
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Data Transfer 


The uwPD41101 and uPD41102 are configured so that the 
internal address is incremented one bit at a time and 
data is accessed serially. After a reset signal initializes 
the device, a static cell that can operate at higher speed 
is accessed. Simultaneously or later, a dynamic cell is 
used as a pipeline, allowing access to both types of 
cells at high speed. 


Stored information is defined by the state of the 
storage capacitor. When the word line for the write 
cycle goes to a selected level, the write transfer gate of 
each storage cell connected to the word line becomes 
conductive, and the data (electrical level) given to the 
bit line is rewritten to the capacitor connected to the 
end of the transfer gate. The precharge level of the 
write bit line (typically a high level) is rewritten to the 
storage cells on the selected word line, other than the 
one to which the column signal applies data, thereby 
destroying data stored there. 


The wPD42101 and uwPD42102 exactly replace the wPD41101 and wPD41102. 
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The wPD41101 and wPD41102 prevent this destruction 
of data by using a main word line and a subword line. 
The subword line is driven by the ANDed signals of the 
main word line and the write column. The transfer gate 
of each cell corresponding to each address is con- 
nected to a subword line. Therefore, the write word line 
of the storage cells at the selected row and column 
address is the only one which goes to a high level, 
preventing the destruction of data in other cells on the 
same write line. 


Address Selection 


A dynamic storage array consists of subarrays 1 and 2, 
each of which is 568 (71 x 8) bytes. A column selector 
anda row selector circuit are provided for independent 
read and write operation for each subarray. 


The first step of address selection involves the access- 
ing of an 8-byte static cell immediately after a reset 
cycle. The address selector moves to the first row of the 
subarray, and subarray 1 is accessed from left to right, 
one byte at a time. When 8 bytes of subarray 1 have 
been accessed, the address selector moves to the first 
row of subarray 2, also accessed from left to right, one 
byte at a time. When 8 bytes of subarray 2 have been 
accessed, the address selector alternately selects 
8 bytes from addresses in both subarrays, so that rows 
are selected from the higher row to the lower row. 


When the number of access cycles to the static cell 
array (8 addresses) and the dynamic cell array reaches 
910 (for the yPD41101) or 1135 (for the wPD41102), the 
pointer moves to address 0 of the static array. 


This method of sequential address selection increases 
the access speed of the dynamic cell by selecting row 
addresses in the pipeline method. Pipeline operation 
occurs when the word line (row) to be selected next is 
set to the selected level in advance so that it can be 
written or read at high speed, i.e., in the time required 
to select one column in static-column mode. 


After a reset cycle, when 8 bytes of the static cell are 
being accessed, the first row of subarray 1, which is 
accessed next, is set to the selected level in advance. 
When the selected address moves to the first row of 
subarray 1 (after 8 bytes of static storage are accessed), 
a read or write cycle can be executed at high speed for 
that row. The first row of subarray 1 can be accessed at 
high speed even after the static array is selected. This 
process continues with the first row of subarray 2, the 
second row of subarray 1, and so on. 


While the static cell is being accessed immediately 
after a reset cycle, the address on the dynamic ceil is 
held on the first column and row of subarray 1. The 
dynamic array is not accessed at this time. Pipeline 


The uPD42101 and wPD42102 exactly replace the u4PD41101 and wPD41102. 
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operation is performed independently for write and 
read cycles by the row and column selectors for each 
subarray. 


Shift registers are used as read and write column and 
row selectors for the sequential selection of write or 
read addresses and pipeline processing. Shift registers 
are provided for each column and row, and each node 
level is set in advance so that when reset, each shift 
register outputs a high signal for the first column or 
row and a low signal for other columns or rows. 


The column selector (shift register) is driven by WCK 
or RCK and the address is incremented by 1 for each 
clock cycle, i.e., the node that outputs a high signal 
changes in synchronization with the clock, and the 
column selector changes with it. 


The row selector (shift register) is related to pipeline 
control and is driven by the pulse generated when the 
column address selector moves from subarray 1 to 
subarray 2 or vice versa. The row selector is incre- 
mented by one row address after the change from one 
subarray to another. 


Each shift register used as a column or row selector is 
configured as a ring counter so that when the last 
column or row is reached, it automatically returns to 
the first column or row. 


Applications 


For the most part, the applications described below 
pertain to noninterlaced digital TV. The descriptions 
apply to NTSC systems, unless otherwise specified. 


Comb Filter 


Acomposite TV signal (output ofa TV tuner) is the sum 
of the luminance (Y) and chrominance (R-Y, B-Y) color 
signals. The Y, R-Y, and B-Y signals must be separated, 
and the R, G, and B signals input to the picture tube 
generated from them. 


A comb filter with line buffers derives the color or 
luminance signal by cancelling it from the composite 
signal, using the correlation between neighboring 
lines. This. filtering fully separates the color and 
luminance signals, especially when there is a strong 
correlation between lines, to produce a clear picture. 


If the signals are not well separated, the color signal 
may interfere with the luminance signal and cause dot 
crawl. The luminance signal may also interfere with the 
color signal and cause cross-color. This interference 
degrades the picture quality, especially where color or 
luminance changes sharply. Figure 6 shows a typical 
comb filter using line correlation. 
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This example.compares target line B with neighboring 
lines Aand C. TwoyPD41101s are used as 910-bit delay 
lines. The color signal (C = R-Y, B-Y) is separated by 
subtracting the data of the upper and lower lines (A+ C) 
from the target line data (B) and filtering the separated 
signal through the 3.58-MHz bandpass filter. The 
luminance signal is the result of subtracting the 
separate color signal from the original data (B). See the 
description of the “Variable-Length Delay Line” appli- 
cation for information on.controlling a delay line of 
910 bits or less. 


Double-Speed Scan Conversion 


The current NTSC and PAL TV systems use interlaced 
scanning to eliminate the flickering caused by field 
transition. Scanning is performed every two lines, 


Figure 6. Interline Y/C Separation with a Comb Filter 
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reducing the pixel density and doubling the field 
frequency (number of fields-per-second), as illustrated 
in figure 7. 


In interlaced scanning in the NTSC system, a complete 
frame consists of two fields of 262.5 scanning lines 
each. The field frequency is 60 Hz,:i.e., the sum of 30 
first fields-per-second and 30 second fields-per- 
second. In the PAL system, a complete frame is 
comprised of two fields of 312.5 scanning lines each. 
The field frequency is 50 Hz, the sum of 25 first 
fields-per-second and 25 second fields-per-second. In 
both cases, interlaced scanning reduces the flicker in 
motion scenes caused by field transition. The pixel 
density in the vertical direction is also reduced, 
diminishing the level of detail. 
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Figure 7. Relationship of Field to Frame in NTSC Systems 
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The wPD41101 or wPD41102 can be used to convert 
interlaced scanning to noninterlaced scanning. Doub- 
ling the pixel density (number of scanning lines) in the 
vertical direction without changing the field frequency 
produces clear and precise images (figure 8). In inter- 
laced scanning, the first field of solid lines and the 
second field of broken lines are scanned alternately at 
30 fields-per-second (25 fields-per-second in PAL). In 
noninterlaced scanning, the number of scanning lines 
per field is doubled, and 60 fields-per-second are 
scanned (50 fields-per-second in PAL). 


In noninterlaced scanning, the data of the skipped line 
is created using the buffer. It is read at twice the 
sampling frequency of interlaced scanning (8 fsc if the 
interlaced sampling rate is 4 fgc). Noninterlaced scan- 
ning scans two lines in the time that one line is scanned 
in interlaced scanning. The horizontal frequency of the 
CRT must also be doubled for noninterlaced scanning. 


Interlaced and Noninterlaced Scanning 


Figure 8. 


Interlaced Scanning 





Figure9. Using the Previous Line as Interpolated Data 
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The data of the skipped line can be created 


e Using the data of the previous line (reading out the 
same data twice) 

e Using the average value of the lines before and after 
the skipped line 

e Using data that is one-field-old (the data for 262 lines 
before for NTSC, or 312 lines before for PAL) 


In the first option, one wPD41101 (or one wPD41102 
for PAL) is used for one input signal. The data is written 
at 4fgc and read out at 8 fsc. Reading starts when data 
is written to half of the line (455 bytes). The same data 
is read twice (910 bytes x 2) at 8 fsc. Data read in the 
latter half is used as interpolated data (figure 9). 


In the second method, one wPD41101 delays the data of 


one line, and two wPD41101s convert the current data 
and the interpolated data for double-speed scanning. 


Noninterlaced Scanning 
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The two wPD41101s used for scan_conversion are 
written at 4 fgc and read at 8 fgc. The RE signal is con- 
trolled to first read the u.PD41101 to which the current 
line data is written, and then read the wPD41101 to 
which the interpolated data is written (figure 10). 
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In the last option, as in the previous one, one buffer 
delays the data for one field and two other uPD41101s 
perform scan conversion. The control sequence is the 
same as described in the second method. Using data 
from aline of the previous field produces a clear image, 
especially in a still scene (figure 11). 


Figure 10. Using the Average of the Previous and Following Lines 
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Figure 11. Using a Line from the Previous Field 
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Dropout Compensation 


Dropout compensation cancels the noise in a VTR 
picture reproduction. If a tine contains noise, the por- 
tion of the previous line in the same position as the 
noise is reproduced instead, eliminating the noise 
from the reproduced image (figure 12). 


Figure 12. Example of Dropout Compensation 
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Video data from a tape normally is written to the 
uPD41101, delayed for one scanning line (910 bits), and 
then used as image data to a TV system. The noise- 
detection circuit senses noise in the video signal. 
When data containing noise is input to the wPD41101, 
the input is switched to the data already in the buffer so 
that the previous data line is written again. Data 
containing the noise is not output to the TV system 
(figure 13). 
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Figure 13. Dropout Compensation Circuit 
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The uwPD41101 can also be used as a 910-bit (one 
scanning line) delay. If the write data fed back by 
switching is delayed, the delay length must be reduced 
to compensate for it. For example, if switching causes 
two bits of delay, the delay length must be adjusted to 
908 bits. © 


Jitter Compensation [Time Base Correction] 


InaVTR, variation in head drum rotation speed or tape 
contraction or expansion can cause jitter in the repro- 
duced image. The image can be reproduced clearly 
when jitter is adjusted and the image is reproduced 
with accurate clocks (figure 14). 


The wPD42101 and wPD42102 exactly replace the w4PD41101 and wPD41102. 
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Figure 14. Basic Jitter Compensation Circuit 
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The video signal input from the tape is written to the 
pPD41101 with a clock that can be accurately slaved to 
the time axis variation of the input video signal. Video 
data with the same time axis is reproduced by reading 
data using the synchronized read clock as a reference. 
If ajitter compensation circuit is configured so that the 
device to which the data is written, or from which it is 
read, is selected from among two or more devices by 
the RE or WE signal, the circuit can have a delay length 
of two or more lines. 


Variable-Length Delay Line 


The uwPD41101, driven at 8 fgc, can be used as a 
variable-length delay line with a delay length of 10 to 
910 bits (12 to 1135 bits for the wPD41102). Driven at 
4 fgc, it can produce a delay of 5 to 910 bits (6 to 1135 
bits for the wPD41102). If an analog-to-digital (A/D) 
and a digital-to-analog (D/A) converter are connected 
to the input and output sides, respectively, it can also 
be used as an analog signal delay line (figure 15). 


Figure 15. Analog Signal Delay Line 
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When reading data ata certain address, the wPD41101 
requires 300 ns + 0.5 write cycles (maximum) to read 
data once the write cycle is complete. For example, 
when the wPD41101 operates on a 34-ns clock, the 
minimum delay length is (300 + 34/2)/34 = 9.3, or 10 
cycles. When the wPD41102 operates on a 28-ns clock, 
the minimum delay length.is (300 + 28/2)/28 = 11.2, or 
12 cycles. The maximum delay length of the wPD41101 
is 910 cycles and 1135 cycles for the wPD41102. 


Delay length can be controlled by 


e Controlling the reset input interval 


e inputting the write and read reset signals at different 
times (the delay length is determined by the offset 
between the inputs) 


e Controlling the WE and RE signals 


Figure 16. 












[1] V = valid data. 
[2] 1H = the first group of “n” bits. 
[3] 2H = the second group of “n” bits. 
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In the first method, the same signal is used for WCK 
and RCK. RSTW and RSTR are controlled together. 
Data written after a reset signal is read after the next 
reset interval. If the reset signal is input every 900 
cycles, the delay length is 900 bits. This option pro- 
duces a delay length determined by the reset interval 
to control the delay length (figure 16). 








In the second method, using the write and read reset 
signals, data written from address 0 by the RSTW 
signal is read out from address 0 when the next RSTR 
signal is input. The delay length is determined by the 
offset between the write reset signal and the next read 
reset signal input (figure 17). 


Controlling Delay Length with the Reset Interval 


<n H Data 


a 
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The wPD42101 and yPD42102 exactly replace the #PD41101 and wPD41102. 
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Figure 17 Controlling Delay Length with RSTW and RSTR 
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In the third method, using the WE and RE RE signals, write 
or read operation is disabled when WE or RE is high; 
the interval pointer remains at the address where 
operation is disabled, regardless of the status of WCK 
or RCK. The delay length_can be controlled in one- 
cycle units by controlling WE and RE. After the reset 
interval, read data is delayed by 910 cycles (1135 cycles 
for the wPD41102) from the write data (figure 18). 


NEC 


Time Axis Conversion 


You can use the wPD41101 for time axis conversion by 
changing the write clock frequency (WCK) and the 
read clock frequency (RCK). One application for time 
axis conversion involves image contraction or expan- 
sion in the horizontal direction. The image contracts if 
the read clock frequency is higher than the write clock 
frequency, and it expands if WCK is higher than RCK 
(figure 19). 


Figure 18. Controlling Delay Length with WE and RE in the uPD41101 


SI) ORC A SED VN ERED AC SR CC EVR ACCC Ev 


Dout 


RD |) RD Ht) ED A 


V 
Sr a 4 ERED U0 ESD MESA RED ANU) CRED SED VN 


DouT 
Notes: 
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Figure 19. Time Access Conversion Application 
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The uPD42101 and wPD42102 exactly replace the u4PD41101 and wPD41102. 
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Digital Signal Input Synchronization 


When performing timeshared data processing in an 
electronic telephone exchanger or in astar-configured 
local area network, the phase between input streams 
may be offset because of differences between the 
terminal and the central line exchange module. The 
HPD41101 can be used to correct the phase offset 
(figure 20). 


Inputs 1 to n are serial data input streams. However, the 
frame heads (flags indicating the beginning of the 
data) of each input stream are not synchronized. 


Figure 20. Digital Signal Input Synchronization 
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The solution requires controlling write operation for 
each stream. When a frame head is detected, the write 
address is reset to 0. Aclock extracted from each input 
can be used as the clock for that write cycle. When data 
is written to all ;PD41101s, the read address is reset to 0 
by inputting RSTR with appropriate timing. All data 
streams then can be read out in the same phase by 
reading all wPD41101s simultaneously, even if the input 
streams are not synchronized. 


The serial-to-paraliel and parallel-to-serial conversion 
circuits shown in figure 20 may be used only when 
serial data is handled at each input and output. 


8-Bit 
PIS Output 1 
Conversion 


Output 2 


Output n 
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General Application 


The uPD41101 and wPD41102 are suitable for use as 
buffer storage in data transfer operations between 
devices of different speeds. Because they use dynamic 
circuits, the maximum hold time for storage cell data is 
1 ms. To hold data longer than 1 ms, you must rewrite it 
to the same address within 1 ms (figure 21). 


The read and write addresses must coincide when 
rewriting data. If the feedback data is not delayed bya 
multiplexer, input the RSTW and RSTR signals simul- 
taneously so that the output data of address n is fed 


Figure 21. Static Hold Circuit for Storage Cell Data 


Notes: 


NEC 


back to the input as it is, and then written again to 
address n. 


If the feedback data is delayed, adjust the input timing 
of RSTW and RSTR, depending on the delay (number 
of cycles) of the feedback data. RSTR must be 
advanced according to the feedback data delay. 





In either case, WCK and RCK must be the same. To read 
the data written to an address after the write cycle for 
that address is complete, 300 ns + one-half write cycle 
is required. 


Data Hold 


{1] A D-type flip-flop must be provided when the data is 


delayed. 


[2] RSTW must be input at least once while Data Hold is at 


a true (high) logic level. 
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Speed Line Buffer 


Figure 22. uPD41101/uPD41102 High 





eos. acemaiee ele ) 


time sacri ams. Mie aS bate aaa a RR a nm 


. aoe . ERE eS 
TX 5 shite Ma anita wrimapeciet Wien, i en 
fate geet , 





3-287 


The uPD42101 and uPD42102 exactly replace the uPD41101 and wPD41102. 
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NEC Electronics Inc. 


introduction 


In the field of computer-aided design and manufactur- 
ing (CAD/CAM), running software with many utility 
programs results in time-consuming disk accesses. 
Workstations operating in a local area network (LAN) 
also are performance-limited by the heavy burden on 
magnetic disks serving multiple users. These systems 
receive a performance boost when the magnetic disk is 
replaced with a solid-state disk. 


NEC developed the uPD42601 silicon file, a 1,048,576 x 
1-bit semiconductor disk, precisely for such applica- 
tions. The CMOS-fabricated u.PD42601 operates much 
faster than hard disks, with simplified circuitry and 
fewer sense amplifiers than standard DRAMs. Although 
access times from RAS (trac) and CAS (tcac) of 600 ns 
and 100 ns, respectively, make this device slower than 
standard DRAMs such as NEC’s wPD421000, the use of 
word-width system architecture and page-cycle 
accesses achieves very high data transfer rates and 
can therefore improve system efficiency. 


Applications 


Because the device’s high capacity, battery-support- 
able nonvolatility, and environmental hazard resistance 
are expected to challenge the niche previously defined 
by bubble devices, the ~PD42601 should find its major 
market in large solid-state disk applications. However, 
as shown in table 1, other potential markets exist. For 
example, the uPD42601’s very low data retention cur- 
rent, which reduces heat buildup and simplifies 
thermal design, means that a cool die operating ina 
300-mil SOJ offers greater flexibility in packaging and 
stimulates new ideas for other product applications 
(see figure 1 for packaging options and pin assign- 
ments of the uPD42601). 


Table 1. Potential Markets for uPD42601 Silicon File 

Market Requirements Applications 

Solid-state disks High capacity High-end engineering 
Reliability workstation (100 
Battery backup Mbytes to 1 Gbyte) 

Portable handheld — Light weight Personal computers 

products Low power Retail point-of-sale 
Small size terminals 

Industrial Immunity to a Process control 


hazardous environ- Robotics 
ment: vapors, dust, 


vibration 
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Figure 1. Pin Configurations 
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Power and Speed Enhancements 


All access cycles and timing specifications for the 
uPD42601 are similar to those of generic DRAMs. 
However, the wPD42601 requires only 25% of the 
operating power and 5% of the standby power of a 
standard DRAM, and therefore provides a better silicon 
solution for the aforementioned applications. The 
silicon file has a specified access time from RAS (trac) 
of 600 ns. A quick page access time from CAS (tcac) of 
100 ns is also available. Heavy system use of page 
cycles makes the best choice for two reasons: the first 
is speed enhancement over standard RAS/CAS cycles 
and the second is disk sector size, which closely 
matches the number of bits accessible in page cycles. 


In target applications for the wPD42601, low power is 
required. Both operating and standby power are impor- 
tant: low operating power results in cooler device 
temperatures and higher reliability, while standby 
currents in the microampere range allow for battery 
backup and small packaging options. 


Self-Refreshing 


The uPD42601 has a self-refresh feature similar to the 
one found in pseudostatic DRAMs. Bringing the RFSH 
pin low and clocking RAS permits the silicon file to 
retain data while using only 30 wA of power. In large 
solid-state systems, the solid-state disk would use 
byte-wide or word-wide banks of silicon file storage, 
with only one bank of devices active at a time, and all 
others in a state of self-refreshing. In this low-power 
operation, total power consumption of the system 





Figure 2. 
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would be very low, making battery backup possible 
with compact batteries. 


During self-refresh cycles, a relatively slow RAS clock 
can be applied and data integrity still be maintained. To 
enter this power-down quiescent state, the user can 
pull RFSH low and start the RAS clock at a slow cycle 
time (tacr). Since data loss is caused by leakage, and 
leakage current increases with temperature, NEC has 
specified the tacr rating at 50°C, 60°C and 70°C. Each 
temperature rating has acorresponding refresh current 
(directly proportional to the refresh rate) which is 
required to maintain data, with faster rates required for 
higher temperatures (table 2). 


Table 2. Self-Refresh Conditions 
Ta tacr (max) Self-Refresh Current (max) 
50°C 20 ws 30 vA 
60°C 10 us - 60 yA 
70°C 5 us 120 yA 


It is important to make a distinction between self- 
refresh cycles and the more familiar CAS before RAS 
refresh cycles. When low, the RFSH pin enables self- 
refreshing and disables most of the. internal circuits. 
Only those circuits required for self-refresh operation 
are active. Because of the rate of tacr required for 
substrate bias generation, nineteen RAS clocks are 
used in the yPD42601 to refresh one row (figure 2). 





Internal Address Generation in Self-Refresh Operation 


Self-Refresh Operation 


19 RAS Clocks 
(Note 1) 


Address 
Counter 


Address (n— 1) Refresh 


Notes: 
(1) One internal address is refreshed every 19 RAS pulses. 


(2) The self-refresh mode is intended primarily for long 
periods of refresh-only operation. 
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Figure 3 shows a simplified block diagram of the 
uPD42601 during self-refresh operation. The low level 
of RFSH disables the ring oscillator and initializes the 
RAS buffer and 19-bit counter. The external RAS clock 
is reduced in frequency by the 19-bit counter. The 
outputs of the counter and the timing generator are 
then used to generate the slow-speed timing, decod- 
ing, and sensing operations, while the substrate bias 
generator functions at a reduced frequency to keep the 
substrate stabilized but minimize power consumption. 


Figure 4 shows the transition and delay times for Ipp4, 
Ipp2, Ipp3, and Ipps. When RFSH goes low, a 2.5-ms 
delay occurs before the device enters true self-refresh- 
ing. The timing shown in figure 4 depends on internal 
temperature-compensated delay circuits and is 
required to allow the die to stabilize at a lower 
temperature. During this 2.5-ms period, the standby 
current is specified as Ipp3, or 500 wA. After the die 
cools, the substrate bias generator operates at a lower 
frequency and power consumption is composed of five 
components: the RAS buffer, the 19-bit counter, the 
decoder, the substrate bias generator, and the sense 
amplifiers. All other peripheral circuits are disabled. 





Figure 3. Circuit Operation in Self-Refresh Operation 
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Figure 4. Transition and Delay Timing 
in Self-Refresh Operation 
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[1] Power is reduced to standby after the 
last RAS cycle. 

[2] After R goes low, the internal delay 
circuit determines the length of T. 

[3] The substrate bias generator operates at 
a lower frequency to reduce the current. 
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CAS Before RAS Refreshing 


The uwPD42601 does not incorporate its own automatic 
refresh circuits on-chip, but requires pulsing RAS in 
the self-refresh state to hold data. Another more 
descriptive term for this function is “pulse refreshing.” 
In most pulse-refreshed devices, the method of enter- 
ing and exiting self-refresh operation is crucial; 
however, the 1M x 1 silicon file makes transitioning 
between operating and self-refresh modes simpler 
than previous-generation pseudostatic devices. 


In the case shown in figure 5, no CAS before RAS 
cycles are executed during a period of normal write 
and read cycles. Re-entering self-refresh operation 
after short write/read bursts limits the number of bits 
that could have been accessed in the relatively short 
time specified for tacr (i.e., the maximum cycle time 
for RAS in self-refresh operation). 


If system timing remains in normal write or read 
operation longer than trcr (max), then refresh logic is 
needed to contro! CAS before RAS refreshing. Every 
32 ms, 512 refresh cycles are needed to refresh the 512 


NEC 


row addresses, an average rate of one every 62 ys. 
Because of the reduced operating current and the 
resultant lower die temperature, the refresh period can 
be extended to four times the 8-ms value specified for 
most 1M x 1 DRAMs. 


In CAS before RAS cycles, addresses need not be 
supplied because an internal counter supplies them to 
the decoders. Since the clocks for both CAS before 
RAS refresh cycles and self-refresh cycles increment 
the same internal address counter, there are orderly 
and sequential transitions from self-refreshing to CAS 
before RAS refreshing and back to self-refreshing. 
Ensuring that the row addresses are refreshed in a 
timely fashion is the function of the refresh counter, 
which is clocked by CAS before RAS during normal 
cycles and at the rate of 1/(19x taor) during self-refresh 
cycles. The wPD42601 runs cooler than other self- 
refreshing devices and does not require a burst of 
extra CAS before RAS cycles before self-refreshing to 
ensure data integrity. 


Figure 5. Special Requirements for tacr Near Periods of Limited Standard Refresh Cycles 


|+——- Self-Refresh Operation Self-Refresh Operation 
Normal Read and Write Operation 


(Note 3) 





Notes: 


[1] The value for tacF [min] is specified in AC Characteristics. The 
value for thcF [max] is dependent upon temperature and shown 
in the table below. 











tRcF [max] 

TA uPD42601-L uPD42601 
§0°C 20 us 5 us 
60°C 10 us 5 us 
70°C 5 us 5 us 


[2] When exiting self-refresh to a period of read and write operation 
which includes CBR refresh cycles, tRcF is the delay between 
the last self-refresh pulse and the first CBR cycle. When 
entering self-refresh operation, tRcF is the delay between the 
last CBR cycle and the first self-refresh pulse. 


[3] In this period of normal read/write operation, there are no CBR 
refresh cycles or less than 512 RAS-only refresh cycles. 





[4] The time delay between the last self-refresh pulse in one self- 
refresh cycle, and the first self-refresh pulse in the next cycle, is 
defined by tpcF [max] when the intervening period of read and 
write operation meets the conditions in Note 3. 


[5] The built-in counter generates the refresh address in self- 
refresh and CBR refresh cycles. Since this address increments 
sequentially from the last cycle in either self-refresh or CBR 
operation to the first cycle in the alternate refresh mode, CBR 
refreshing should be used during normal read and write 
operation to refresh one address location every 62 ys or less. If 
some other means of refreshing is used, it is necessary to do a 
burst refresh of all storage cells just before changing to and just 
after exiting self-refresh operation. 
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As discussed earlier, a lower die temperature permits 
both a relaxed refresh rate and simplified transition 
timing between self-refresh and normal write and read 
cycles. The die temperature is a function of the ambient 
temperature, operating power, and the junction-to- 
ambient thermal resistance (@j,). The calculations 
showing the increase of junction temperature (Tj) over 
ambient temperature (Ta) at maximum power con- 
sumption (Pp max) are shown in the sequence below. 


(1) Ty = (@ya xX Pp) + Ta 
(2) Ty =[95°C/W x (5.5 V x 12 mA)] + 55°C 
(3) Ty = 61.27°C 


In a solid-state disk system where the air temperature 
stabilizes at 55°C, the silicon file chip temperature 
would not exceed 61.27°C, comparing favorably with 
the die temperature of 81°C or more for a standard 
DRAM encapsulated in a plastic SOJ and operating in 
similar conditions. 


Figure 6 shows the maximum specification for tacr, the 
critical parameter when transitioning between CAS 
before RAS and self-refresh cycles. When exiting self- 
refresh operation, tacr (max) is measured between the 
falling edges of RAS, from the last self-refresh cycle to 
the first CAS before RAS refresh cycle. After transition- 
ing from self-refresh operation to a period of normal 
write or read cycles, writing and reading can proceed 
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for only 5s (at 70°C) before a CAS before RAS refresh 
cycle is required. When transitioning from write and 
read operation to self-refresh operation, the process is 
simply reversed, with tace (max) referenced between 
the last CAS before RAS refresh cycle and the first 
self-refresh cycle. 


RAS-only refreshing does not increment the refresh 
counter, complicating the procedure for moving be- 
tween refresh modes. In refresh methods other than 
CAS before RAS, a burst of 512 refresh cycles is 
required before entering and also after exiting self- 
refresh operation. Complete refreshing of all rows is 
needed since, in refresh modes other than CAS before 
RAS, the status of the refresh counter is unknown and 
the maximum specification for tacr may be exceeded. 
When the self-refresh capability is used, then CAS 
before RAS refreshing is recommended. 


Soft Error Performance 


Like the 1M x 1 DRAM, the wPD42601 uses the trench 
cell forasmall die size and excellent immunity to alpha 
particles. Accelerated soft error results are less than 
1000 FITs (Failures In Time, or errors in 109 device- 
hours) . With low manufacturing cost as an objective, 
the device includes no error correction circuit (ECC), 
parity, or data checking functions on-chip. Most 
customers prefer to implement these functions off-chip. 


Figure 6. Timing Restrictions Entering and Exiting Self-Refresh Operation 
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Notes: 

[1] The value for tacF [min] is specified in AC Characteristics. The 
value tor tacF [max] is dependent upon temperature and shown 
in the table below. 


tRcF [max] 

Ta yPD42601-L uPD42601 
50°C 20 us 5 us 
60°C 10 us 5 us 
70°C 5 us 5 us 


[2] When exiting self-refresh to a period of read and write operation 
which includes CBR refresh cycles, tacF is the delay between 
the last self-refresh pulse and the first CBR cycle. When 
entering self-refresh operation, tRcF is the delay between the 
last CBR cycle and the first self-refresh pulse. 





Norma! Read/Write Operation 





Self-Refresh 
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(3] The built-in counter generates the refresh address in self- 
refresh and CBR refresh cycles. Since this address increments 
sequentially from the last cycle in either self-refresh or CBR 
operation to the first cycle in the alternate refresh mode, CBR 
refreshing should be used during normal read and write 
operation to refresh one address location every 62 vs or less. If 
some other means of refreshing is used, it is necessary to doa 
burst refresh of ail storage cells just before changing to and just 
after exiting self-refresh operation. 
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Silicon File-Based Solid-State Disk System 


To assist our customers in the design-in of the 
uPD42601, NEC undertook a 20-Mbyte solid-state disk 
hardware project, a block diagram of which appears in 
figure 7 and a photograph in figure 8 (the hardware 
enclosure was designed for expansion to 40 Mbytes). 
Contained within the same package form factor as.a 
5.25-inch .Winchester, the solid-state disk system 
includes batteries, a power supply, and the necessary 
power fail logic to provide complete nonvolatility for up 
to one month.:The error correction.device is a gate 
array developed at-NEC and is not commercially 
available. A specification summary of this application 
project is shown in table 3. 


Table 3. Specification Summary 








Parameter Specification 
Capacity 20 Mbytes 
Interface SCSI (host) 
Data transfer rate 1.5 Mbytes/sec (max) 
Access time 0.1 ms (max) 
Error correction 1-bit correction and 2-bit detection 
Sector size 256 or 512 bytes 
Power supply 5 volts, 2 amps 
Package size 5.25-inch disk : 
Battery voltage 4.8 volts 
Battery backup One month 
5 to 50°C 


Operating temperature 


Description of the Block Diagram 


For the purpose of explanation, the block diagram in 
figure 7 and the following system description are 
detailed according to the format shown in table 4. 


Table 4. 

Major Functional Blocks Major Components 
Power source/switch 
Silicon file and ECC 


Timing generator circuits. 


Battery, power control circuits 
uPD42601LA, ECC gate array: 
RAS, CAS, WE logic 
Data/address control ~ v40™, WD33C93™, RAM, ROM 
Power Supply and Power Fail Circuits 


The upper left corner of the block diagram consists of 
the battery, power switch, voltage detector, and power 
fail circuits. Included in the power switch is a 5-volt 


V40 is a trademark of NEC Corporation. 
WD33CQ3 is a trademark of Western Digital. 
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switching regulator and the power conversion circuits. 
When the detector senses the falling power supply 
voltage, the power switch supplies the battery voltage 
to the components shown within the shaded block 
(battery backup). At the same time, the power fail logic 
sends a nonmaskable interrupt (NMI) to the V40, which 
initiates an internal subroutine and places the micro- 
processor in the low-current HALT mode. 


When system power is restored, the rising voltage is 
detected. After a delay, the power switch disconnects 
the battery source and allows the 5-volt supply to 
power the system. Once the V40 receives the second 
NMI and resets the processor, RFSH goes inactive and 
normal timing resumes. 





To ensure nonvolatility and reduced battery current 
drain, the silicon file devices must be placed in self- 
refresh operation when system power fails. In figure 7, 
the power fail logic has two outputs: one called self- 
refresh, which pulls RFSH low on all the storage chips, 
and a second output connected to the control pins of 
the V40 and the timing generator block. This output is 
actually two lines: one for the V40 NMI input initializing 
HALT mode and the second for initializing the timing 
generator circuits. When this output signal is a is active, 
the power fail logic switches the timing for RAS from 
normal read/write/refresh timing to the self-refresh 
oscillator. For this application, the self-refresh fre- 
quency is set at 50 kHz because this system is specified 
to operate at 50°C (maximum). | 


Storage Organization with ECC 


The solid-state disk is organized as five banks of 39 
devices, a 32-bit internal data word and an additional 7 
bits for the ECC check bits. The ECC device is capable 
of 2-bit detection and 1-bit correction. 


A 32-bit data bus is acceptable for the ECC chip, but 
the V40 and the SCSI interface controller require a 
byte-wide bus. The lower right corner of figure 7 shows 
a four-section register to accomplish this. 32- to 8-bit 
conversion. This register is composed of eight octal 
bus transceivers with eight enable lines generated in 
the timing generator block. Four of these transceivers 
are used for the input side and four are used for 
the output side. The four octal bus transceivers 
(4 x 8 bits) comprise the 32-bit-wide data bus. The 
enable signals select one’ of the four transceivers 
receiving and sending each byte to or from the 8-bit 
data bus: 
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Figure 7. Block Diagram of Silicon File Disk 
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Figure 8. Photograph of Silicon File Disk 


E 





Timing Generation and Decoding 


The timing generator block consists of a delay line, 
several PALS®, and glue logic. Its purpose is to control 
write and read operation and CAS before RAS timing. 
One of the PALs is used for decoding the eight enable 
signals used in the 32- to 8-bit multiplexing and 
demultiplexing operation discussed in the preceding 
section. Selecting one of five of the storage banks is 
accomplished by decoding RAS, CAS and WE. This 
function, together with the selection of the self-refresh 
oscillator, is contained in the logic blocks shown to the 
left of the storage array. The self-refresh oscillator is 
contained in the power fail logic block. 


Data Transfer Control [V40 and SCSI Controller] 


In this system, the SCSI controller is the target and the 
host computer connected to the SCSI controller is the 
initiator. Although a solid-state device is not a disk in 
that it has no cylinders, heads, or sectors, the V40 has 
been designed to handle all the control, data transfer, 
and address translation functions. Used as a micro- 
controller, the V40 makes the silicon disk look like 
a magnetic disk to the WD33C93. 


PAL is a registered trademark of Advanced Micro Devices, Inc. 
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Read Operation 


Upon receiving the input/output command from the 
host system, the host adapter arbitrates and wins bus 
control. The target, the SCSI controller in this case, is 
selected and receives the read instruction and starting 
address from the host adapter. This information is 
stored as part of the command data block in the SCSI 
controller's internal register. At this point, the host 
disconnects. The V40 first recognizes the read com- 
mand and the address and then sets the proper bits in 
the WD33C93 address register. Under V40 control, data 
is accessed from the correct logical address in the 
silicon file and moved to the wPD43256A buffer RAM. 


Once the silicon file has started filling the RAM, the 
SCSI adapter can reconnect to the host. During this 
phase, the target arbitrates for the bus and wins control | 
of it. The host is selected and the target sends the 
message that it is reconnecting. Under control of the 
V40, data is moved from the RAM to the SCSI controller 
and is received by the host adapter completing the 
operation. With this fast semiconductor disk, the data 
transfer rate depends more on arbitration time than on 
device access time. 


NEC 


NEC Electronics Inc. 


Introduction 


The need for storage devices to provide delay and 
speed conversion in a variety of computer, telecom- 
munication, and consumer applications has led to 
NEC’s development of several new high-speed line 
buffers. The synchronous or asynchronous operation 
of these devices allows them to be used as elastic 
storage to synchronize data flow between two asyn- 
chronous parts of asystem, e.g., between communica- 
tion and microcomputer chips. 


In graphics systems, line storage devices can act as 
high-speed source and destination registers during 
raster operations. In television and VCR products, the 
1K x 8 buffers provide the raster line storage required 


Figure 1. 


The uPD42101 and uPD42102 exactly replace the uwPD41101 and uPD41102. 


APPLICATION NOTE 57 
uPD41101/.PD41102/”7PD42505 
HIGH-SPEED LINE BUFFERS 


for luminance and chrominance separation and non- 
interlaced scan conversion. The larger 5K x 8 devices 
are perfectly suited for facsimile and printer applica- 
tions because they can store a line of information ora 
page of text at high speed. 


This application note describes NEC’s uPD41101, 
uPD41102 and uwPD42508, three functionally equivalent 
buffers with different capacities and speeds. Each 
device has independent, 1-byte write and read ports 
with separate write and read clocks. High-speed per- 
formance is achieved by means of unique circuitry 
rather than a submicron process. Fast access times 


Die Photograph of the uPD41101 and uPD41102 
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and low cost are possible because of specialized 
dynamic circuit designs using the best of MOS tech- 
nology (figures 1 and 2). 


Features 


The wPD41101, wPD41102, and wPD42505 are identical 
except in organization and cycle times (table 1). The 
following discussion applies to the three devices 
collectively, unless noted otherwise. 


Serial Addressing. Addresses are generated automat- 
ically by an internal address counter and need not be 
supplied externally. The clocks provided by the WCK 
and RCK signals increment the respective write and 
read address counters, enabling data to be read out in 
the order in which.it was input. 


Wraparound Addresses. The internal address pointers 
are implemented as ring counters; they return to 
address 0 after the last byte in a line has been accessed. 


Asynchronous Operation. Separate write and read 
clocks, coupled with their respective enable inputs, 
allow for independent write and read operation. 


Reset Function. The RSTW and RSTR pins reset the 
internal pointers to address 0. Resetting of the read 
pointer can be initiated after “n” write cycles to provide 
an adjustable delay line of “n” cycles. 


High-Speed Address Selection. By interleaving the 
internal storage arrays and using a novel pipelining 
technique for high-speed address selection, the devices 


achieve very fast access times. The uPD41102-3, for 


example, has a specified minimum cycle time of 28 ns. 


Large Capacity. _All devices are 1-byte wide. Their line 
lengths vary as shown in table 1. The wPD42505 is con- 
figured as 5048 by 8 bits to store a page of information. 


Figure 2. Die Photograph of the 1PD42505 
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Table 1. Configurations and Cycle Times 

Part Number Organization Cycle Times 
pPD41101 910 x 8 bits 34 or 69 ns 
uPD41102 1135 x 8 bits 28, 34, or 56 ns 
pPD42505 5048 x 8 bits 50 or 75 ns 


Functional Description 


Historically, line buffers were designed with shift 
registers that suffered from fall-through delay as data 
tumbled down the stack. With NEC’s new generation of 
buffers, which provide independent write and read 
clocks for asynchronous writing and reading, the write 
data requires a delay of at least 10 or 11 cycles before 
appearing at the output. The minimum line delay 
(specified in the individual data sheets for each device) 
is not a. problem in most applications because the 
required delay is usually longer than the specified 
minimum delay. 


In synchronous operation, where write and read cycles 
are controlled together (and write and read addresses 
coincide), the internal logic causes a write cycle to be 
delayed by one-half cycle from the read cycle. Read 
data is output from the previous line, while new input 
data is written just one-half cycle later. 


Storage Arrays 


Unlike other devices based solely on static cells, NEC’s 
line buffers have two types of storage elements:.a static 
cell for.high-speed operation and a dynamic cell for 
achieving large capacity in a small die area. To operate 
at high speed, the fast static cell is used as a prefetch 
buffer. While the first.8 bytes of data are being accessed 


from the static cell, the first row of the dynamic cell is 


preselected for subsequent access (see Addressing). - 
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Figure 3. Dual-Port Static Storage Cell Array 


WW [Word Line for Write Operation] 


RW [Word Line for Read Operation} 
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Figure 4. Dual-Port Dynamic Storage Cell Array 


RW [Word Line for 
Read Operation] 


WW [Word Line for 
Write Operation] 
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The static storage cell has separate word lines for 
write and read cycles (RW and WW), as well as differen- 
tial data inputs (RD/RD and WD/WD) for high-speed 
operation (figure 3). The three-transistor, one-capacitor 
dynamic storage cell contains separate write and read 
data and word lines, two access transistors, and a third 
transistor for cell signal pre-amplification (figure 4). 
Pre-amplification is required since there are only eight 
data amplifiers, one each for the eight input/output 
ports. 


The u«PD42101 and wPD42102 exactly replace the 4PD41101 and wPD41102. 
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Unlike the static cell, the dynamic cell uses only one 
write and read data line and cannot take advantage of 
differential sensing. Although the speed is slower, its 
fewer components make this cell more suitable for 
compact layout and high device integration. The suc- 
cess of these high-speed buffers lies in the matching of 
the static and dynamic cells to achieve high perfor- 
mance at a low cost (figure 5). 


Addressing 


Onacold start, initial writing and reading to the device 
requires fast access times from the six-transistor static 
cell. While the first eight bytes are being accessed from 
the static cell, the first row of the dynamic cell is 
preselected. To achieve relatively fast dynamic access, 
the dynamic array is split into two segments and 
storage interleaving is employed. 


From a functional point of view, the line buffer is along, 
eight-bit-wide shift register. Its layout is compacted to 
produce a small die size. The chip has two arrays, each 
representing one-half of the line length. For the 1135 x 8 
device, each subarray is organized as 568 bytes 
(71 x 8 bytes). . 


The serial addresses are generated automatically using 
column and row selectors for both write and read 
operation. The following steps summarize the inter- 
leaving sequence. 


e Ina reset cycle, data is read from the 8-byte static 
cell, and the first row of subarray 2 is preselected. 


e Row 1 of dynamic subarray 2 is accessed, and the 
address pointer moves to subarray 1 for preselection. 


e Row 1 ofsubarray 1 is read, and row 2 of subarray 2 is 
preselected. 


e Interleaving continues between the subarrays until 
the last address is accessed, at which time the 
internal pointer automatically resets to address 0. 


The address pointers are shift registers wired as ring 
counters and clocked in a wraparound fashion to 
control writing and reading of data at specific locations. 
The shift registers are incremented by one address for 
each WCK or RCK clock. Separate write and read 
address pointers are required to execute write and read 
cycles independently and at different speeds. 
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Figure 5. Block Diagram 
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Write and Read Timing 


The wPD41101, uwPD41102, and wPD42505 are equipped 
with the following pins: Djjo through Dyy7, RSTW, WE, 
and WCK for write operation and Douto through 
Dout7, RSTR, RE, and RCK for read operation (figures 
6 and 7). Serial addresses are automatically generated 
by an internal address counter. When WE is low, one 
byte is written to each address in synchronization with 
the WCK write clock (refer to the individual data sheets 
for timing diagrams); the internal write address pointer 
increments by 1 with each falling edge of WCK. Write 
data must meet the specified setup and hold times as 
measured from the rising edge of WCK. 





Figure 6. Configuration of 24-Pin Plastic DIP (and 
Miniflat for uPD41101, u.PD41102 only) 









Dout1 [] 2 23 1) Dini 
Dout2 L4 3 Din2 
Douts U4 DiIN3 
RE WE 
RSTR C6 RSTW 
GND []7 Vec 
RCK]8 17 1] wcK 
Douta[] 9 DIN4 
Douts Lj 10 15 1 Dins 
Doute CJ 11 Diné 





Dout7 Fj 12 
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Configuration of 28-Pin Plastic ZIP 
(uPD42505 only) 


Figure 7. 
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The signal on RSTW, which is used to reset the write 
address pointer to 0, also has setup and hold require- 
ments with respect to the write clock. 


When the signal on the read enable (RE) pin is low, one 
byte of data is read out of the device for each RCK clock 
cycle, and the read address pointer increments by 1. 
The read address pointer is totally independent of the 
write address pointer. 


The control functions of WE and RE are shown in 
figure 8. Bringing these two signals high (inactive) 
stops the internal address pointers; activating them 
again causes the internal pointers to increment to the 
next sequential address. 


Synchronous Operation 


Figure 8 shows the internal timing sequences, including 
those for address transitions and write cycles; during 
synchronous operation of these devices. With a com- 
mon write and read clock, the internal write period is 
delayed from the write address. This delay, required 
when the write and read addresses are identical, allows 
aread cycle and then awrite cycle to be executed to the 
same cell location. Read data is taken from the pre- 
viously written line. 


Designing with NEC’s Line Buffers 
Initialization 


After power has been applied, the write and read 
address pointers are undefined and therefore need to 
be set to address 0. Proper timing fora RSTRorRSTW 
reset cycle is described in the individual data sheet for 


each device. 





Refreshing 


Refreshing of the dynamic storage cells must be 
performed at regular intervals. Data remains valid for 
1 or 5 ms, depending on the line length of the device 
(1 ms for the uP D41101 or wPD41102 and 5 ms for the 
uUPD42505). Since NEC’s line buffers contain only data 
amplifiers and no sense amplifiers, a standard read 
cycle does not refresh the storage cell. If longer hold 
times are required, the original data must be rewritten 
to the same address. 
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Figure 8. Internal Timing for Synchronous Operation 
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Minimum Delay Length 


Unlike register-based line buffers, which use a data 
flow-through cycle, NEC’s line storage elements are 
not capable of reading data immediately after it has 
been written. Each device requires a minimum delay, as 
calculated by the equations shown in table 2. 


Table 2. Calculating Minimum Delay 








Part Number Equation 
pPD41101 1/2 write cycle + 300 ns 

(34 ns/2 + 300 ns) /34 = 9.3 or 10 cycles 
mPD41102 1/2 write cycle + 300 ns 

(28 ns/2 + 300 ns)/28 = 11.2 or 12 cycles 
uPD42505 1/2 write cycle + 500 ns 


(50 ns/2 + 500 ns) /50 = 10.5 or 11 cycles 


Delay length, as measured by the number of cycles, is 
dependent on the speed of the clock, i.e., at 14.3 MHz, 
the minimum delay for the uPD41101 would be 5 cycles. 


Storage Contention 


In asynchronous operation, when write and read cycles 
contend for the same line, the last “n” bytes (where “n” 
may be 5-12 bytes) of line output are taken from the 
previous line. This type of contention occurs most fre- 
quently when executing continuous write and read 
cycles at different rates, such as when converting video 
images from interlaced to noninterlaced scanning. In 
this case, the read clock operates at twice the speed of 
the write clock. Near the end of the line, the read cycle 
catches up and contends with the write cycle. 


Setting Delay Length 


Varying the Reset Interval in Synchronous Operation. 
Depending on the application, some schemes for 
implementing delay length suit system timing better 
than others (see individual data sheets for timing). 
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in synchronous operation, the delay is set simply 
by varying the interval between the reset pulses. 
In this case, the reset clocks are tied together. Since 
write and read clocks are common, line delay is deter- 
mined by the offset between resets. 


Varying the Reset Interval in Asynchronous Operation. 
In asynchronous operation, the reset interval can be 
varied using independent clocks and reset signals. 
Delay length is calculated as the timing difference 
between the write and read reset pulses. 


Controlling the RE Pin. In the third option, the read 
enable pin (RE) can be used to control read operation 
and the read address counter. When RE is high 
(disabled), the read address counter does not incre- 
ment and no data is output. After the desired delay, RE 
can be brought low to begin executing read cycles. For 
delays exceeding one line length, care must be taken 
fo ensure that new data is not written into an address 
before the old data is read. 


uPD42505 Large-Capacity Line Buffer 


The uPD42505 was designed for applications where a 
large amount of data is handled per line, e.g., in high- 
performance digital copiers and G3 or G4 facsimile 
machines requiring buffer storage for image compres- 
sion, expansion, data transmission, and in some cases, 
image enhancement using filtering techniques for 
digital signal processing. The 5K x 8 line length has 
also been used in some designs to hold the data tokens 
in digital filtering arrays. 


Although line buffering can be achieved using fast 
static RAMs as shown in figure 9, the need for two 
devices and other complicated peripheral circuits 
necessarily increases the cost of asystem and makes it 
more difficult to implement. The uPD42505 eliminates 
the complexity and high cost by providing the same 
functions and more advantages in one package. 
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Figure 9. System Design Using Static RAMs Versus High-Speed Line Buffer 
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Figure 10. Line Buffering in Local Area Networks 
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Figure 11. Elastic Storage for Digital Signal Processing Applications 
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Figure 12. Image Enhancement Techniques in High-Performance Digital Copiers 
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Figure 13. Doubling the Line Rate in Scan Conversion 
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APPLICATION NOTE 58 


INTERLACED TO NONINTERLACED 


VIDEO SCANNING USING THE 


#¥PD41101 HIGH-SPEED LINE BUFFER 


Introduction 


Interlaced scanning is used in television, videotape, 
and videocassette recording applications to reduce 
bandwidth and maintain an acceptable amount of 
screen flicker in video signals. The procedure involves 
lowering the vertical resolution and doubling the 
number of fields so that one complete frame is formed 
from the first and second fields. When a video signal 
subsequently is decoded and ready for display on a 
monitor or TV, bandwidth generally is no longer 
a problem and the higher vertical resolution of 
a noninterlaced signal may be used to produce a 
sharper image on the screen. 


In NTSC TV systems, there are 262.5 scan lines per 
field, 2 fields per frame, and 30 frames per second 
(figure 1). With the resolution per field in the vertical 


Figure 1. 


262.5 Scanning Lines 


Field 1 


262.5 Scanning Lines 


Field 2 


direction lowered by interlaced scanning, the lines 
become rougher and the gap between scanned lines 
more visible. This drawback becomes all the more 
conspicuous in larger-screen TVs. 


Vertical resolution problems caused by interlaced 
scanning can be resolved by first repeating the signal 
of each scan line. The number of scan lines per field 
then can be doubled by doubling the horizontal 
frequency and keeping the vertical frequency intact. 
Subsequently, an interlaced signal can be converted to 
a noninterlaced signal to increase the resolution of the 
picture in the vertical direction (figure 2). 


The conversion from interlaced to noninterlaced scan- 
ning can be achieved by temporarily storing each 
line in a buffer and then displaying it twice to double 
the number of lines per field (figure 3). 


Relationship of Field to Frame in Interlaced Scanning 


525 Scanning Lines 


30 Interlaced 
Frames/Second 


Field 1+ Field 2 = 1 Frame 






Interlaced Scanning 
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Noninterlaced Scanning 
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Figure 3. Doubling the Line Rate 
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The uPD41101 High-Speed Line Buffer 


The type of scan conversion described in this applica- 
tion note requires buffer storage for each line. Required 
storage is calculated by dividing the scanning period 
per line by the sampling period to determine the 
number of samples per line. Required storage for 
NTSC systems is computed as shown in the following 
sequence. 


(1) Scanning period per line: 
——_——————_ = 63.5 us 
(525 lines x 30 frames) 
frame second 
(2) Minimum sampling frequency: 
3.58 MHz x 4 = 14.32 MHz = 69.83 ns 
(3) Samples per line: 
63.5 ys/69.8 ns = 909.7 samples 


This application requires the storing of 910 words, 
exactly one horizontal scanning line of data. NEC’s 
uPD41101 high-speed line buffer, configured as 910 
words by 8 bits, is ideally suited for the digital process- 
ing of video signals because one-line delays and time 
axis conversions can be executed easily. 


The uwPD41101 differs from general-purpose static 
devices in that it doesn’t require a double-buffer 
configuration (figure 4). Writing and reading can be 
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VIDEO SCAN CONVERSION 


executed independently and asynchronously. Since an 
internal address pointer eliminates the need for exter- 
nal address generation, the only external controls 
required are those for the WCK and RCK write and read 
clocks and the RSTW and RSTR write and read reset 
signals (see figure 5 for pin assignments). As shown in 
table 1, three versions of the 4PD41101 are available. 








Table 1. Access and Cycle Times of the uPD41101 





Access Time Write Cycle Read Cycle 
Part Number (max) Time (min) Time (min) 
pPD41101-3 27 ns 34 ns 34 ns 
mPD41101-2 27 ns 69 ns 34 ns 
puPD41101-1 49 ns 69 ns 69 ns 


Figure 5. yPD41101 Pin Configuration 
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Operation 


Write and Read Reset Cycles. After power is applied to 
the wPD41101, its internal address pointers are unde- 
fined and must be initialized to address 0. As shown in 
figure 6, the inputs on RSTW and RSTR have required 
setup and hold times as measured from the rising 
edges of WCK and RCK, respectively. 








Write Cycles. Write cycles are executed in synchroni- 
zation with the WCK clock (figure 7). When WE is low, 
8 bits of data are sampled from Djjo-Dyn7 at the rising 
edge of WCK and the internal write pointer increments 
to the next sequential address. When the pointer 
reaches the last address, it wraps around to address 0 
again. When high, WE disables write operation and 
inhibits the write address pointer. Write data must 
satisfy required setup and hold times as specified from 
the rising edge of WCK. 


Figure 6. Write or Read Reset Cycle 





Reset Cycles 


RSTR 





Note: 
[1] WE =RE=ViL. 
[2] V = Valid Data. 





tac defines the read access time. 
[4] H = 910 cycles. 


3-310 


[3] Read operations commence from the rising edge of RCK at the beginning of a cycle. For the 
first cycle in a group of reset cycles, the read access time is defined as tacr. In all other cycles, 


[5] Write data is strobed into the device on the rising edge of WCK at the end of a cycte. 


NEC 


Read Cycles. When RE is low, read cycles are executed 
in synchronization with the RCK clock (figure 7). Read 
data is output from Doyto-Dout7 after a specified 
access time as measured from the rising edge of RCK. 
The internal read pointer functions identically to the 
write pointer, except that the read address increments 
sequentially with each RCK clock. 


Example of System Configuration 


The block diagram in figure 8 shows a hardware 
system designed to convert a standard NTSC inter- 
laced video signal to a noninterlaced signal. In this 
configuration, described on the following pages, the 
input signals derive either from an NTSC composite 
signal (video input), from a TV/VTR/VCR, or from the 
R-G-B signal output of a personal computer. 












OKA ae 
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Figure 7. Write or Read Cycle 
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Note: 
(1) WE = Vi. 
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[3] For compatibility with NTSC standards the WCK frequency is approximately 14.3 MHz. RCK 
cycles at twice this frequency, 28.6 MHz. 
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Figure 8. Scan Converter Block Diagram 
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Video Signal Processor used in NTSC color TV systems (figures 9 and 10). By 
; separating the signals, the 4PC1401 can independently 
The video signal is decoded from the R-G-B inputs by = ¢ontrol them and thereby reduce the number of 


NEC’s uPC1401, a device specifically designed to peripheral devices usually required in this phase. 
process the color, video, and synchronizing signals 


Figure 9. uPD1401 Block Diagram 
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Figure 10. yPD1401 Pin Configuration 
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R-G-B Signal Processor Figure 12. ~PD1387 Pin Configuration 

The level of the R-G-B output signals from the personal 

computer are adjusted by a wPC1387 (figures 11 and Oupune Output 3 
12). An interface between the digital R-G-B signals and Sup Power Supply 
the TV color signal output, the 4PC1387 provides oe BEX Output 
high-speed switching by means of a built-in R-G-B ote Charging ses 
signal converter and sophisticated circuitry that blanks bidai aici si : 

the signal levels. The horizontal (H) and vertical (V) GND Input 4 


synchronizing signals from the personal computer are 
combined into a composite synchronizing signal. 
When the selector switches to the R-G-B input position, 
the composite signal is applied to the wPC1401 in place 
of a TV signal. 
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Figure 11. PD1387 Block Diagram 
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suited to video applications (figures 13 and 14). RT 
D. GND 

CLK 

D.Vpp 

A. Vppb 


VIDEO SCAN CONVERSION 

Analog-to- Digital Converter Figure 13. PD6950 Pin Configuration 
The input selector chooses one of the two R-G-B 
signals from the wPC 1401 and wPC1387 and passes it to DB4 cy 1 DBs 
the uPD6950, where it first is sampled at a clock DBs [Lj 2 Bs 
frequency equal to 4f,, (14.3 MHz) and then written to es hee : Aa oes 
the uPD41101 line buffer. The CMOS-fabricated Menen ck ee 
MPD6950 is an analog-to-digital (A/D) converter whose D.Voo C1 6 
high speed and low power consumption are particularly AVoo 7 

8 

9 
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Figure 14. .sPD6950 Block Diagram 
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Line Buffer 


This configuration uses a total of three yPD41101 line 
buffers, one each for the R-G-B inputs. Independent 
control of write and read operation by the wPD41101 
allows the inputs to be written at a 4f,, sampling rate 
and subsequently read at twice that frequency (8fgc). 
Reading the scanned image twice doubles the number 
of lines sent to the TV monitor, fills the gaps between 
lines of an interlaced signal, and increases the vertical 
resolution. 


Digital-to-Analog Converter 


After being read at a frequency of 8f,, (28.6 MHz), the 
digital signal from the wPD41101 is converted to an 
analog signal by the yPC6902 (figures 15 and 16). The 
CMOS-fabricated w.PC6902 D/A converter is designed 
to handle 50 million samples per second. 


Timing Generator 


The 8fs, and 4f;, clocks and RSTW and RSTR signals 
are output by the timing generator. The horizontal (H) 
signal from the PC 1401 passes to a phase-locked loop 


Figure 16. sPD6902 Block Diagram 
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circuit, where it is compared and tocked with a hori- 
zontal signal obtained by dividing the 8fs, clock. After 
the horizontal frequency has been multiplied by 2 (2H), 
this signal is combined with the vertical drive signal (V) 
from the uvPC1401 for use as the composite synchroniz- 
ing signal in noninterlaced scanning. Together with the 
R-G-B output signals, it is then passed to the TV 
monitor. 


Figure 15. .PD6902 Pin Configuration 
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Operation 


A circuit diagram for the scan converter is shown in 
figure 17, The operation in each block is described 
below. | 


Video Signal Input Stage 


Switch SW, selects the NTSC video signal and applies 
it to the wPC1401, which decodes the composite signal 
and outputs R-G-B horizontal and vertical synchroniz- 
ing signals. The uPC1401 integrated circuit separates 
color types (Y, R-Y, B-Y, G-Y) to form a matrix using 
three external transistors (Tr3-Trs) to produce the 
R-G-B signal. 


A 4528BC one-shot multivibrator sets the horizontal 
synchronizing signal to a suitable pulse width. One of 
the pulse signals is applied to pins 34 and 35 of the 
uPC1401 as the burst gate and blanking pulses; the 
other signal is applied to the MC4044 phase comparator 
for clock generation comparison purposes. 


R-G-B Signal Input Stage 


The R-G-B input signal passes to a 74LS08 two-input 
positive AND gate and then to the wPC1387 which, 
together with Trg and the 74LS08, ensures that no 
signal is applied during the horizontal retracing period. 


The R-G-B signal applied to the uPC1387 is adjusted to 
a suitable level prior to being output from that device. 
Conversely, the vertical and horizontal synchronizing 
signals are combined in the 74LS08 to form the com- 
posite synchronizing signal passed to the wPC1401 by 
selection. switch SW}. 


A/D Conversion Stage 


The R-G-B signal selected by SW; is passed to the 
uUPC6950 through a 7-MHz low-pass filter to cut fre- 
quencies in excess of one-half the sampling frequency 
of 14.3 MHz (figure 18). This analog signal is converted 
by the 14.3-MHz clock and then passed to the wPC 1401 
as an 8-bit digital signal. 


Line Buffer Stage 


The 8-bit digital input is written at 14.3 MHz before 
being passed to the wPC6902 for D/A conversion at 
28.6 MHz. The WCK, RCK, RSTW, and RSTR controls 
for the line buffer are supplied from the timing 
generator (figure 19). 
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D/A Conversion Stage 


The digital input from the wPD41101 is converted to an 
analog signal by the 28.6-MHz clock to reproduce an 
R-G-B signal of twice the horizontal line frequency. 


Timing Generation Stage 


An LC oscillator circuit uses a 74F04 inverter to 
generate the 28.6-MHz signals required for driving the 
line buffer and D/A converter clocks, as well as the 
14.3-MHz signals required for driving the line buffer 
and A/D converter clocks. 


The horizontal signal from the uwPC 1401 is passed to the 
MC4044 phase frequency detector for phase compari- 
son with the horizontal signal obtained by dividing the 
clock from the clock generator. The resultant signal is 
then transferred through a low-pass filter to the 1SV164 
varactor diode of a voltage-controlled oscillator to 
adjust the oscillating frequency (figure 20). 


Three 74LS163 synchronous 4-bit counters divide the 
14.3-MHz clock by a factor of 455. The resultant 
31.5-kKHz clock (2f) is timed by the 28.6-MHz clock 
and passed to the line buffer as the RSTR signal. 





The vertical synchronizing signal from the uPC1401 is 
adjusted to a suitable pulse width by a 74LS123 
retriggerable monostable multivibrator. The signal 
timed by this 2f,4 clock is then combined with the 2f, 
clock to obtain the composite synchronizing signal for 
noninterlaced scanning purposes. The 2fy clock is 
subsequently divided in half and timed by the 14.3-MHz 
clock to become the RSTW signal passed to the line 
buffer and MC4044 (figures 21 and 22). 


R-G-B Output Stage 


The noninterlaced R-G-B signal and the composite 
synchronizing signal output to the TV monitor are 
adjusted to levels of 0.7 and 0.3 Vpp, respectively, by 
a 75-ohm terminating resistor. Switch SWo is used to 
select external or internal display. When on, the switch 
allows a noninterlaced picture to be displayed exter- 
nally on a TV monitor. 


In this application, the TV monitor must be capable 
of operating at a horizontal scanning frequency of 
31.5 kHz. Suitable monitors include the PC-TV451 and 
PC-TV471 from NEC Home Electronics. 
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Figure 17. ~uPD41101 Composite Schematic . 
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Figure 18. Characteristics of LT15LP70M01-32 Low-Pass Filter 
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Figure 19. Scan Conversion Timing 
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Figure 20. Characteristic Curve of 1SV164 
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INTRODUCTION 


A computer graphics system is comprised of hardware 
and software, the organization of which depends upon 
the specific requirements of each application. While 
individual designs may differ from one application to 
another, the design objective essentially remains the 
same: to define a device-independent, general-purpose 
sequence of operations (or pipeline) that transforms the 
geometric model of an object into an image on a display 
screen. 


This application note provides an overview of the con- 
cepts and methodologies used in the design of computer 
graphics systems. The intent here is to introduce the 
basics, building the foundation for more vigorous study 
later. 


FUNDAMENTALS OF A GRAPHICS SYSTEM 


The task of a graphics system is to transform real-world 
information into a perceptible image for display on an 
output device. While systems in the past typically used 
software designed for particular kinds of hardware, con- 
temporary systems use device-independent software 
designed for compatibility with a variety of hardware. 


Figure 1. Conceptual Model 
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This latter type involves a sequence of operations that 
begins with a model of the image to be rendered. As 
shown in figure 1, the program portion of the model has 
three elements—the application data structure (data 
base), the application program, and the display pro- 
gram. These are transmitted to the hardware compo- 
nent, in this case a host computer connected to a 
graphics display terminal, in terms that the computer 
can understand. At the same time, the original model 
structure is preserved. As a conceptual framework, this 
model is useful in showing how an abstract description 
of a two- or three-dimensional “world” having one or 
more objects is transformed into a view or picture of that 
world. 


The functions represented by the conceptual model 
need to be more than device-independent; they also 
must be sufficiently general-purpose to support a variety 
of applications. No strict definition of this requirement 
exists. At one extreme, the system may be entirely 
incorporated into a host computer, with the graphics 
reduced to a single. monitor Another system might 
incorporate all graphics functions into a standalone 
workstation. The point is that the implementation of VLSI 
and concurrent technologies may differ, but the basic 
sequence of functions must remain the same. 
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One of the tasks of the application program is to support 
interactive input devices that allow the user to specify 
how objects are to be constructed and modified and 
which views are to be displayed. The application pro- 
gram decodes user-supplied input and uses it to direct 
the system to change the viewing specification or to 
alter the model in the data structure. Once the applica- 
tion program has developed the data structure, the 
objects contained therein are described to the graphics 
system so that it can calculate and display the particular 
view desired. 


The application program describes in geometric terms 
that portion of the world in which the picture should 
appear. This data is presented in the form of output 
primitives such as points, lines, polygons, or character 
strings geometrically oriented in a two- or three- 
dimensional world. The application program also speci- 
fies the part of the object to. be rendered, the vantage 
point to be displayed, and the part of the viewing surface 
on which the image should appear. 


Problems inherent to the design of graphics software are 
solved by a graphics package that reinforces a general- 
purpose, device-independent approach to graphics de- 
sign by providing basic subroutines or primitives that 
allow portability with the application program. 


The graphics package is a small but functionally com- 
plete set of application-independent facilities for creat- 
ing arbitrary views of two-dimensional objects and for 
supporting interaction between the application program 
and the user The package also performs a number of 
roles crucial to supporting a range of physical devices 
controlled by a device-independent application pro- 
gram. These roles can include 


e Providing the characteristics and performance capa- 
bilities of devices that can be driven by the applica- 
tion software 


e Having responsibility for specifying a set of attributes 
and operations 


° Serving as an interface between the applications 
program and the graphics display unit 


e Serving as an interface between the demands of the 
graphics system and the true functionality of the real 
devices to be used by the system 


The graphics package must therefore be designed not 
only as an abstract machine capable of supporting the 
tasks required by the application program, but also as a 
real machine for implementation on real devices. The key 
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to device-independence is that only the implementation 
of the graphics package (and not the rest of the appli- 
cation program) is device-dependent. 


The two principal hardware components are the host 
computer and the display processing unit, or DPU. The 
two important data modules shown are both stored in 
shared memory (to simplify the diagram, the host’s CPU 
and the memory shared by the CPU and DPU are not 
shown in figure 2). The first is the DPU display program 
(also called the display file or list), which is written by the 
graphics. package and read by the DPU as it refreshes 
the image on the screen. The second is the application 
data structure, which contains a description of the 
objects whose images are to be displayed and is a tool to 
model the objects. 


The three major stages shown as software modules in 
figure 2 could also be implemented as hardware or 
firmware modules in other systems. Their interaction is 
characterized by two major data flows moving in oppo- 
site directions within the system: one is from a data 
structure description of an object to its image on the 
screen, and the other is from user-supplied input to the 
data structure and/or display program. 


The object-to-image transformation sequence begins at 
the output pipeline, a four-stage pipeline that transforms 
a description of the object into successively more 
machine-dependent representations, and finally, into an 
image ona screen. The portion of the data structure that 
models the geometry (layout) and topology (connectiv- 
ity) of an object is transformed by the application pro- 
gram into a sequence of calls in a graphics package 
using parameters derived from the data structure. These 
calls describe the object in terms of its point, line, and 
text output primitives. Other calls specify how the object 
should be divided into logical units, i.e., segments, as 
well as which view of the object should be displayed. 


The next stage, the viewing specification, is used first to 
clip the object’s primitives against the user-supplied 
window boundaries and then to map the visible portion 
of the object into the current viewpoint. The DPU code 
generator transforms the device-independent specifica- 
tion of (clipped) primitives from normalized device co- 
ordinates of the DPU. The graphics package controls the 
segmentation of this DPU "machine code" and specifies 
to the DPU code generator which segments are to be 
added, made visible/invisible, translated, or deleted. The 
final stage involves the DPU itself, which transforms 
output primitives into the actual data needed for output- 
ting an image onto the display screen. 
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Figure 2. Functional Block Diagram 
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The input pipeline has fewer stages. The DPU records 
input device usage and either interrupts the CPU or 
transfers data on request. Input data is collected from 
the DPU by the input handler, which typically passes it to 
the application program. This data changes the flow of 
the application program, and may also cause the appli- 
cation program to either modify the data structure or 
change the viewing operation parameters. The input may 
also be used directly by the code generator to manipu- 
late segment operations. 


THE VIEWING OPERATION 


The viewing operation is a sequence of steps that trans- 
forms a device-independent description of an object into 
a device-dependent display program generating a par- 
ticular view of an image. In the viewing operation pro- 
cessor and DPU code generator stages, functions such 
as clipping, window-to-viewpoint mapping, and display 


Interface Between 
Graphics Package 
and DPU 





code generation in device-dependent physical screen 
coordinates are performed. The first two steps are 
usually considered part of the viewing operation, while 
the third step is part of the DPU code generation 
process. 


OUTPUT PRIMITIVES 
Coordinate Systems 


In a basic graphics system, the only graphical primitives 
needed by the application program are those to define 
points, lines, and displayed text strings. These are de- 
scribed in terms of positions and measurements in a 
Cartesian coordinate system. The coordinates are inher- 
ently dimensionless, and thus the application program 
can define objects in terms of units that are natural to the 
application and to the user. 
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The application program is constrained by the overall 
size of display space on the output device. Display space 
can be divided into a number of rectangular regions 
called “viewports,” into which subpictures are mapped. 
Subpictures require the use of a suitable application 
coordinate system. Such a coordinate system is the 
world coordinate system, used by the application pro- 
gram to choose a rectangular “window.” Any finite rect- 
angular region of this infinite space, where the sides of 
the rectangle are parallel to the x and y axes, is a window 
in the world coordinate system. Because different win- 
dow sizes can be used, the image is drawn in world 
coordinate space relative to a particular window and 
then clipped to that window. To be able to transform 
these windows into their allotted viewports on the 
screen, the application program must have procedures 
for specifying windows, viewports, and appropriate co- 
ordinate systems. 


The window is defined in terms common to the world 
coordinate system, where the edges of the rectangle are 
parallel to the x and y coordinate axes. The viewport 
procedure also takes a rectangular boundary as its 
parameter; the system in which this boundary is ex- 
pressed is called the device coordinate system, i.e., the 
one used for representing absolute positions on the 
display space. Since device coordinates map directly 
onto the display device, the range of coordinates will 
define display resolution. 


Often a graphics system supports many different de- 
vices, and the application program must provide a 
means of controlling these in as uniform a manner as 
possible. Determination of the viewport using device 
coordinates is acceptable if only one graphics device is 
used, or if all graphics devices have exactly the same 
coordinate systems to represent their display spaces. A 
better solution to device disparity requires a uniform 
method of addressing different display spaces. The stan- 
dard solution is to introduce an intermediate system 
called normalized device coordinates, where (0,0) is at 
the bottom left corner and (1,1) is at the top right, i.e., a 
unit square. 


Windows and Clipping 


The viewing operation, or pipeline, has been defined as a 
journey of a coordinate through the graphics system. It 
starts as a world coordinate point generated by a call to 
an output primitive procedure, continues through the 
normalized transformation stage,. and finally passes 
through the device transformation stage, after which itis 
expressed in normalized device coordinates. 


During this procedure, the graphics package must know 
what portion of the essentially unbound world coordi- 
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nate space is to be displayed. This rectangular region, or 
window, is invoked by a graphics package procedure 
that maps the image of the window boundaries to 
coincide with the edges of the screen. A programmer 
can make the graphics package display only that portion 
of an object which is in view by surrounding the desired 
part with an appropriate window. 


Any part of the object not in view inside the window is 
made invisible by the graphics package through a pro- 
cess known as clipping, whereby any primitive lying 
entirely outside the window boundary is not mapped to 
the screen, and any primitive lying partially inside and 
partially outside is cut off. Each output primitive defined 
by the application program is tested to see whether it is 
entirely inside the window, intersects the window, or lies 
entirely outside the window. The pieces that remain after 
testing and clipping are mapped to the screen. 


The most basic form of clipping involves output primi- 
tives such as points, lines, and text (figure 3). Even with 
these simple primitives, it is essential that the clipping 
operation be done efficiently since hundreds or even 
thousands of lines must be processed as quickly as 
possible to provide the next view of the object as 
smoothly as possible. 


Window-to-Viewport Mapping 


In this context, window is a rectangular area that speci- 
fies the part of a scene—either graphics or text—to be 
displayed and is defined by means of coordinates in the 
lower right and upper left corners. (The type of window 
commonly associated with a page of text or graphics, or 
possibly the dynamic output from a process or program, 
does not apply to this discussion.) 


A window defines what is to be displayed but not where 
it is to be displayed. Therefore, each window requires a 
corresponding viewport that defines the space into 
which the window is to be displayed. In figure 4, the 
window is clipped to its boundary in world coordinates, 
and then subsequently mapped to the viewport bound- 
aries in device coordinates. A few windows appear 
whole, while some are obscured by other windows. A 
viewport obscures another viewport when it has a higher 
priority than the obscured viewport. Viewports may be 
moved around the display area without affecting their 
information content, except when they are moved rela- 
tive to an obscuring viewport. 


The movement of a window about the scene gives the 
effect of changing the observer’s view of the picture. 
Adjusting the size of the window relative to the size of 
the objects being displayed produces arbitrary scaling 


effects. Thus, moving the window and selecting smaller 
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or larger window sizes creates the cinematic effect of 
panning in or zooming out. In theory, one can zoom in on 
a single primitive until it touches the boundaries, or 
zoom out until the entire scene blurs together as a single 
port. 


If the graphics package supports only a single DPU, then 
it is most efficient to convert directly from world coordi- 
nates to physical coordinates. For packages that sup- 
port multiple display devices, it is convenient to produce 


Figure 3. Example of Two-Dimensional Clipping 
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a low-level, machine-dependent, normalized device co- 
ordinate representation of the image that can then be 
translated by multiple DPU code generators to the 
appropriate physical device coordinates. Therefore, 
window-to-viewport mapping is a conversion process in 
which the window, defined in world coordinates, is 
converted into device or normalized device coordinates 
for input into the next phase of the viewing pipeline 
(figure 5). 
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Figure 5. Window Boundaries Mapped to Viewport Boundaries 


Window 


(wx1 ,wy1) (x, wy1) 


Notes: 
[1] wxt,wx2, wy1, wy2 = window bounderies. 
[2] vx1, vx2, vy1, vy2 = viewport bounderies. 


‘DPU Code Generation 


This stage in the viewing pipeline converts the clipped 
and mapped output primitives to normalized device 
coordinate space, unless this conversion was already 
performed in the window-to-viewport mapping phase. 
Device-independent primitives are converted into actual 
DPU commands with operation codes, functions, and 
beam displacement fields in physical device coordi- 
nates, 


Segmentation 


The final stage, segmentation, involves organization of 
the output primitives into logically related segments for 
selective identification and modification of the image. 
Once a picture of an object has been created and drawn, 
changes to the drawing can be made by means of 
modifications to the data structure. Producing an up- 
dated view of the modified object(s) by having the 
application program redescribe everything to the graph- 
ics package, even though only a portion has been 
changed, would be very wasteful because of the com- 
putations required to clip and map world coordinates 
into device-dependent coordinates. 


Segmentation, where the object’s description is parti- 
tioned into segments that are individually displayed, 
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provides the system with an extra dimension of flexibil- 
ity, a way of creating a high-level representation of the 
total picture. Each segment consists of attributes deter- 
mining the state of the segment, as well as a sequence of 
output primitives. Fast selective modification is a neces- 
sity of high-quality interactive graphics because it pro- 
vides rapid response to the user for closely coupled 
feedback. 


Geometric Transformations 


A graphics system should also provide the ability to 
scale and rotate images in two- and three-dimensional 
space. These geometric transformations should be free 
from device-dependent issues such as screen coordi- 
nates so that different views of a picture at different 
scales may be selected, and repeated symbols in pic- 
tures may be drawn at various scales and angles of 
rotation. 


The most common way to view transformations is with 4 
by 4 matrix multiplication. However, matrix multiplica- 
tion requires many intermediate steps, making the trans- 
formation of object coordinates one of the most time- 
consuming steps in the entire graphics output sequence. 


Arbitrary two- and three-dimensional transformations 
such as object rotations, translations, scaling, and per- 
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spective and orthographic projection may precede the 
clipping function in the graphics pipeline, and may also 
include the ability to transform the image into viewport 
coordinates (figure 6). Because matrix representations 
for translating, scaling and rotating differ (scaling re- 
quires an additional matrix and rotation uses a multipli- 
cation matrix), itis more efficient to treat these functions 
in a consistent way. For example, if they are expressed in 
homogeneous coordinates, all three transformations 
could be expressed as multiplications. 


Figure 6. Transformations 
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Homogeneous coordinates were developed in geometry 
and have subsequently been applied in graphics (figure 
6). Numerous graphics subroutine packages and some 
display processors work with homogeneous coordinates 
and transformations. In some cases, they are used 
directly by the application program in passing parame- 
ters to the graphics package. In other cases, they are 
applied only within the package and are invisible to the 
programmer. 


Before scaling 
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After scaling 
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INTERACTIVE GRAPHICS TECHNIQUES 


One of the principal goals of interactive systems, graph- 
ics or otherwise, is the symbiosis between man and 
machine. When a user is able to interact with a computer, 
this interaction is said to be conversational. Working 
together on a single task merges the capabilities of the 
two partners, man and computer. 


Of all the possibilities for graphics input hardware, the 
keyboard is certainly the most familiar Many graphics 
systems have little more. There are five basic logical 
input devices: the locator to indicate a position and/or 
orientation, the pick to select a display entity, the valu- 
ator to input a single value in the space of real numbers, 
the keyboard to input a character string, and a button to 
select from a set of possible alternative actions or 
choices. Logical input devices are rather like logical files 
in an operating system. A sequential input file may be 
implemented physically by means of a card reader, a 
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magnetic tape drive, a disk drive, ora terminal keyboard. 
The application program doesn’t care because the oper- 
ating system makes them functionally alike, despite their 
physical differences. 


Many graphics systems simulate the logical functions of 
another class, although some of the simulations can be 
rather awkward. These implementations are sometimes 
part of the graphics package. For example, since a 
direct-view storage tube cannot be used with a light pen, 
the cross-hair cursor locator might be used as a pick. 


In addition to interactive devices and device simulations, 
interaction techniques are used as the basic building 
blocks from which complete interactive dialogues are 
designed. Interactive techniques are higher-level func- 
tions implemented through the basic device simulations 
already discussed. These techniques, which are general 
application-independent ways of interfacing with a com- 
puter, are routinely used in many graphics packages and 
include the following: 
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e Construction Techniques—where the physical ap- 
pearance of an object is indirectly manipulated by 
means of dragging or rubberbanding. 

e Command Techniques—where menus and _ pro- 
grammed function keyboards are used to input com- 
mands. 

e Picking Techniques—where a hierarchical object 
structure allows the user to pick a basic object, a 
collection of basic objects, or perhaps a collection of 
collections. 


When programming graphical input devices, a certain 
degree of device independence can be gained by provid- 
ing individual high-level primitive functions for each 
basic form of interaction. The following list, based on this 
approach, is adequate for most graphics applications 
and can be implemented on a surprisingly large variety of 
terminals. 


e Positioning—where the user defines a location onthe 
screen. This location is passed back to the program, 
which uses it to position objects or endpoints of lines. 

e@ Pointing—where the user identifies an object already 
displayed on the screen. This can be used to delete 
and copy objects or to implement light buttons and 
other means. 

e Inking—which is used to specify a free-hand curve as 
a collection of screen points. 

e Character Recognition—where the user draws a 
number of inked strokes that together can be recog- 
nized as a text character, an editing mark, or some 
other symbol. 

e Dragging—where coordinates from.a graphical input 
device are used to specify the location of some object 
on the screen. Repositioning is performed rapidly 
enough so that the user can “rag”the object around 
the screen until it is correctly positioned, at which 
time it is fixed again. 


Device independence is just as troublesome here as it is 
in graphical output. The problem is not that input devices 
have such different characteristics, but that each input 
technique demands a specific form of immediate feed- 
back on the screen. The popular rubberband line draw- 
ing technique, for example, depends on the dynamic 
display of a line with one endpoint fixed and the other 
following the coordinate input device. It is difficult to 
provide this sort of effect without modifying the graphi- 
cal output process. Therefore, meddling with the output 
process should be avoided in the interest of device 
independence. 
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DISPLAY HARDWARE 


Without special hardware for producing output, there 
would be little interest in computer graphics. Useful 
pictures can be produced using only a line printer or a 
normal hardcopy alphanumeric terminal, but what most 


people expect from a graphics system is something 


much more. 


Most graphics hardware has options for moving in two 
dimensions, plotting or intensifying certain points on a 
surface, displaying characters, and providing gray-level 
variation or color shading. The number of such devices is 
increasing yearly and includes vector or raster CRTs, 
hardcopy drum and flatbed plotters, impact and ink-jet 
matrix printer/plotters, color copiers, LED displays, 
plasma panels, and laser printers. In this discussion, the 
focus will be on CRT technology for vector and raster 
scanning, with emphasis on the system architectures 
needed to implement such devices in a graphics system. 


CRTs for Raster and Vector Scanning 


The DPU is a special-purpose CPU with its own set of 
commands, data formats, and an instruction counter 
that executes a sequence of instructions called the 
display file to create an image on the display device. 
Individual DPU instructions typically are used to draw a 
point, a line, or a character string. Interactive devices 
attached to the DPU can also be used to input com- 
mands and other information. 


The DPU can be organized to create an image, either by 
random or raster scanning. In a random scanning sys- 
tem (sometimes called a vector, stroke, or calligraphic 
scanning system), parts of the drawing can be depicted 
in any order on the display. For example, the house in 
figure 6 was drawn by moving (detecting) the beam to 
the starting point, turning it on, and continuously de- 
flecting it between successive endpoints to trace the 
house outline. In a raster scanning (TV-type) system, all 
parts of the drawing in the first line are reproduced in 
left-to-right order, followed by all parts of the drawing in 
the second line, and so on. Hardcopy devices operate in 
either a random or raster scanning system. The printer, a 
simple hardcopy device, has a print head that moves 
from left to right and top to bottom. The pen plotter, 
which uses a pen that can be moved in any direction over 
a piece of paper, is a random scanning device. 


Figure 7 shows basic display techniques. Starting in the 
upper left of the screen, the intensity is modulated during 
the left-to-right sweep to create different shades of gray. 
At the right edge, the beam is blanked (turned off), 
repositioned (indicated by the dashed line) at the left 
edge one unit down from the previous scan line, and 
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unblanked. After all scan lines have been drawn, the 
beam returns to the upper-left corner. Broadcast televi- 
sion in the United States operates with 525 scan lines, 
but common raster graphics systems use anywhere 
from 256 to 1024 lines. The more lines used, the higher 
the picture quality. 


Display Processing Unit for Random Scanning 


Figure 8 shows a very simple DPU capable of randomly 
plotting under CPU control individual discrete points on 
a grid of 1024 by 1024 lines. This feature requires that 
10-bit x and y values be made available to the DPU. The 
computer uses input/output commands to load the x and 
y registers with coordinate values, while the analog 
(voltage) equivalents of the coordinate values go to the 
deflection system. The current amplifiers for the mag- 
netic deflection coil produce the appropriate current. 
Once this current has stabilized, the electron beam is 


Figure 7. Display Techniques 


Raster Scanning 


Figure 8. Random Scan Display Technology 


+++, +, 
RRS 
SS eo 
% 
i] 
oe, 
a 
ee 


a. 
+, +; 
4 

4 tht 
tt, 

Sue 

ft 
+ 


+, 


ryt + 


tatty 


35 


+, 

3 RRS 

+, tt ttt +t ttt, 
eS arate 
SRR 
Ss 
a 
i 

iy 
3 aha 


ot: 
4 ec 
e metetetetete 
Bs <2 +, 
Tas 
it 
> : 
BSS Display 
ee : : 
Ex Processing Uni 
heh 4 
Beach tt, S eat Kt 
4,9, 

st atete 

b +, 


patatetete tay 


+, 


‘2 


ie 


a 
och 
He & Ss 
SS of sete 

a 


+, 
ett ett, hy 
htt, 

6 


% 
ah 


i t, et, 


tf, 


ne 


i? 
+, 
Hs 
3 Sores 
PALE LETT ATT. 


SS 


sete ee 
Notes: 
[1] & = Hardware 


[2] 2 = Software 





COMPUTER GRAPHICS OVERVIEW 


unblanked (turned on) for a few microseconds, and then 
blanked again to detect and draw the next point. The 
whole process can take from 5 to 20 us per point witha 
fast deflection system, or as much as 50 ws per point 
with a slow deflection system. In a given system, the 
time between the display of successive points is usually 
nearly proportional to the distance between them. A 
refresh rate of 30 cycles per second allows 33,000 
microseconds per refresh cycle, resulting in display 
capacities from 33,000/50 = 660 to 33,000/5 = 6600 
points. — 


The system in figure 8 has no facilities for concurrent 
program execution and display of screen refresh capa- 
bilities. Most contemporary DPUs provide the same 
functions as a general-purpose CPU, functions such as 
an instruction counter, instruction register, and control 
logic that allow the DPU to execute instructions as well 
as to refresh the display. 


Random Scanning 


Starting Position —» 
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Display Processing Unit for Raster Scanning 


The DPU illustrated in figure 9 provides a number of 
features to enhance operation. The CPU loads a DPU 
program into main memory, loads the DPU with the 
starting address, and tells the DPU to start the execu- 
tion of the DPU program. The DPU cycle “steals” from the 
CPU’s memory whenever it needs a new instruction. 
Thus, converting the display to an autonomous proces- 
sor relieves the CPU of the refresh task. 


Images to be displayed by a random scanning system 
are encoded as commands to draw each output primi- 
tive using endpoints of lines as coordinate data values. 
The encoding for raster scanning systems is much 
simpler: output primitives are separated into their con- 
stituent points for display. 


The major differences in simple point plotters, random 
scanners, and raster scanners occur in their organiza- 
tion of stored bits. In point plotting displays, the com- 
ponent points of each successive output primitive are 
stored sequentially and are plotted in that order, one 
picture element at a time becaise the beam may be 
moved randomly on the screen. Conversely, the refresh 
memory in the raster display is arranged as a two- 
dimensional array. The entry at a particular row and 
column stores the brightness and/or color value of the 
corresponding (x,y) position on the screen in the simple 
one-to-one relationship shown in figure 9, ie, each 
screen and memory location is referenced by an x 
coordinate (ranging from 0 to m-1) and a y coordinate 
(ranging from 0 to n-1). The top row of memory corre- 
sponds to the top scan line, the second row of memory 
to the second scan line, and so on. Image refreshing is 
performed by means of sequential raster scanning 
through the buffer, by scan line rather than by output 
primitive as in random scanning. 


The job of the image refresh system is to cycle, row by 
row, through the refresh buffer, typically 30 to 60 times 
per second. Memory reference addresses are generated 
synchronously with the raster scanning device, and the 
contents of memory are used to control the CRT’s beam 
intensity. The raster scanning generator provides deflec- 
tion signals that generate the raster scanned image and 
also control the x and y address registers defining the 
location of the image to be fetched so as to control the 
CRT beam. At the start, the x address is set to 0 and the 
y register to n-1 (the top of the scan line). As the first 
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scan line is generated, the x address increments from 
m-1. Each point is fetched and used to control the 
intensity of the CRT beam. After the first scan line, the x 
address is reset to 0 and the y address decrements by 1. 
The process continues until the last scan line (y =0) is 
generated. 


Display Resolution 


The number of raster lines capable of being displayed on 
a monitor depends not only on the speed at which the 
electronic beam can be moved across the screen, but 
also on the quality of the electronics controlling the 
beam. Similarly, the number of horizontal points that can 
be plotted depends on the speed at which the beam can 
be switched on and off. The more raster lines and 
horizontal points that can be drawn, the greater the total 
number of points that can be displayed, and hence, the 
greater the resolution of the display. 


Consider a CRT monitor with m pixels on each line and n 
raster lines. If the time required to draw one pixel is P; 
and the time for horizontal retrace in H;, then the total 
time to display one raster line is L_ = MP; + H;. Ifthe time 
for one vertical retrace is V;, the total time to draw one 
complete image is t = N(MP; +°H;) + V,. If there are to 
be raster frames per second, then rearranging the above 
for P; means that the time to draw one pixel is P; = 1/MN, 
— Vi/MN — H;/M. This value, usually expressed as a 
frequency, represents a measure of the monitor’s resolu- 
tion capability and defines the electronics performance 
required to achieve a particular display resolution, gen- 
erally known as monitor bandwidth. 


Typical bandwidth figures for refreshing of the whole 
image 60 times a second (60 Hz) are 28 MHz for a display 
of 512 by 768 pixels and 88 MHz for a display of 1024 by 
1024 pixels. 


SUMMARY 


The aim of this application note has been to provide an 
overview of a graphics system, defining some of the 
fundamental operations required to render an image 
onto a display device. By no means comprehensive, the 
discussion should at least have provided a framework for 
understanding the common techniques and terminology 
used in a number of today’s very sophisticated applica- 
tions, whether implemented in state-of-the-art VLSI 
technology or organized into a higher performance 
parallel architecture. 
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Figure 9. Raster Scanning Display Technology 
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Figure 10. Raster Scan Instruction Counter 
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Introduction 


The growth of computer graphics is directly attributed 
to the availability of reasonably priced, high quality 
display hardware. The technology most successfully 
addressing this feature is called raster scanning, a type 
of graphics found in television applications and one 
that makes it possible for complex, flicker-free images 
to be displayed. 


Frame buffer architecture is important in determining 
the performance of the entire raster display system. For 
example, although frame buffer architecture is re- 
stricted by the refresh requirements of the display (i.e., 
how fast a new image can be generated in response to 
user input), architecture of the entire graphics system 
is affected as well. This application note discusses 
some of the design techniques inherent to frame buffer 
architecture. 


Raster Scanning 


Araster display system constructs an image as aseries 
of horizontal lines, each composed of picture elements 
(pixels) whose intensity is controlled by a bit map 
generated on the display processing unit (DPU) in 
accordance with graphics primitives defining the unit. 
The device buffering the bit-mapped image is called 
the frame buffer, or image memory, and is usually 
designed with dynamic RAMs (figure 1). Each storage 


Figure 1. Frame Buffer Organization 
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cell in the frame buffer corresponds to a pixel that 
maps to a point on the display screen. Data stored in 
the frame buffer is systematically read by the DPU 
(video controller) and then used to refresh the CRT 
monitor displaying the image. 


Frame buffers are usually sized in the horizontal and 
vertical directions as a power of 2, in particular 256 by 
256 (28), 512 by 512 (29), or 1024 by 1024 (219) pixels. 
Sizes based on the aspect ratio of the screen (e.g., 768 
by 512 or 1536 by 1024) are also common. These 
dimensions then become device coordinates of the 
raster scanning display system. 


The bits in the frame buffer are scanned by the DPU in 
a left-to-right, top-to-bottom sequence. They are then 
read in parallel and serialized by a scanner that out- 
puts the pixels to the video generator. The pixels mod- 
ulate the CRT beam signal in proportion to the values in 
the frame buffer. 


Refresh Requirements 


The design of frame buffers is determined in large part 
by the requirements of the application. A stable display 
is generally the foremost requirement of a graphics 
system. Therefore, the first design consideration 
should focus on how the video’s refresh controller will 
supply data to the output hardware when pixel time is 
less than a buffer cycle. 
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Frame Buffer Architecture 


The frame or image buffer stores a bit map representing 
the image to be displayed. The size of the frame buffer, 
often 512 by 512 or 1024 by 1024, is the resolution of the 
memory, with each element being one pixel. The DPU 
must update the frame buffer with the bit-mapped 
image and periodically refresh the display. Refresh 
requirements are determined by a number of factors, 
including the D PU’s refresh rate, vertical and horizontal 
retrace time, screen resolution, and access time of the 
memory used in the frame. buffer. When all of these 
factors are established, the architecture of the frame 
buffer can. be determined. 


Two standards developed by the Electronic Industries 
Association (EIA) define the timing of video signals. EIA 
standard RS-170-A specifies interlaced video signals at 
30 frames of 525 lines per second each for typical 
television applications, RS-343-A specifies 30 frames of 
1024 by 1024 noninterlaced images per second or 30 
frames of 512 by 512 noninterlaced images per second 
for high-resolution television applications. 


Knowing how often a new pixel must be supplied to the 
output device is crucial to determining how quickly 
image memory must be accessed to support the re- 
fresh requirement. Pixel time, the active line time di- 
vided by the number of visible pixels per line, can be 
derived from either the refresh rate, the vertical or 
horizontal blanking interval, the number of lines dis- 
played per frame, or the number of pixels displayed per 
line (figure 2). 


Figure 2. Pixel Time 
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Table 1 gives the values used to derive pixel times for 
several popular display formats. Pixel times will vary 
from system to system, depending on the number of 
visible lines and the number of pixels per scan line. 
However, these figures are typical: (1) 100 ns for 512 x 
512 at 30 Hz; (2) 45 ns for 512 x 512 at 60 Hz; (8) 25ns 
for 1024 x 1024 at 30 Hz; and (4) 10 ns for 1024 x 1024 at 
60 Hz. 


The storage cell is the principal element in a frame 
buffer, which is why advances in frame buffer architec- 
tures have been paced by advances in the cost, perfor- 
mance and structure of these chips. Storage bandwidth 
is of primary concern in the design of frame buffers, 
and while dynamic devices have historically evolved to 
deeper and deeper organizations, the width of the 
access port (e.g., 1M x 1 or 256K x 4) has experienced 
almost no change. 


The trend toward deeper. organization meets the needs 
of main buffer designs, but doesn't provide a solution 
for potential bandwidth requirements. Furthermore, 
resolution isn’t expected to grow significantly beyond 
the 1280 by 1024 now used in most applications, which 
means the need for higher density video buffers is 
limited (figure 3). Consequently, for a 1K x 1K. display 
operating at 60 Hz, a pixel rate of 10 ns (as well as 
parallel accessing of the frame buffer) is required. 
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Table 1. Video Timing for Various Display Formats 

Visible Area Refresh Vertical Retrace Horizontal Retrace Total Line Pixel Time 
Pixels x Lines Rate (Hz) interlaced Time (us) Time (ns) Time (ps) (us) 
512 x 485 30 Yes 1271 10.9 63.56 102.80 
640 x 485 30 Yes 1271 10.9 63,56 82.30 
512 x 512 30 Yes 1203 10.9 60.40 96.70 
1024 x 768 30 Yes 1250 [1] 7.0 [1] 40.10 32.37: 
1024 x 1024 30 Yes 1250 7.0 30.11 22.57 
1280 x 960 30 Yes 1250 7.0 32.12 19.62 
512 x 485 60 No 1250 7.0 31.79 48.41 
640 x 485 60 No 1250 7.0 31.79 38.73 
512 x 512 60 No 1250 7.0 30.11 45.14 
1024 x 0768 60 No 600 [2] 4.0 [2] 20.92 16.52 
1024 x 1024 60 No 600 4.0 15.69 11.42 
1280 x 960 60 No 600 4.0 16.74 9.95 
1280 x 1024 60 No 600 4.0 15.69 9.13 
Notes: 


(1) Nominal RS-343-A specifications. 
(2) Typical high-performance monitor specifications. 


Figure 3. Color Monitor Standards 
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Table 2 shows the effect of using a device with a 4-bit 
organization, which can read and write four bits in a 
single cycle and provide four times the bandwidth of a 
1-bit chip of equal capacity. This wider organization has 
figured prominently in frame buffer design, and as 
system performance requirements increase, ever wider 
organization may be required. 
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Table 2. Performance of Storage Chip 
Organization Time to Fill (ms) 
4Kx 1 1.6 

16K x 1 6.6 

64K x1 26.2 

256K x 1 105.0 

16K x 4 6.6 

64K x 4 26.2 
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Although an 8-bit organization is practical, the evolu- 
tion toward 16-bit devices will be prohibitive because of 
pin configuration and package size. Therefore, in order 
to meet the required pixel rate of high performance 
graphics systems, the frame buffer must be designed 
with organizations and features that can best support 
the increasing performance requirements. Over the 
years, anumber of different design solutions have been 
proposed. One is to separate the device into a double 
buffer, one for refreshing the display and the other for 
updating the image. Another approach is to incorpo- 
rate the functions needed to update and refresh a 
display into a VLSI DRAM architecture. Both of these 
architectures are important in determining overall per- 
formance, but the organization of the frame buffer also 
plays an important role in optimizing its performance in 
various applications. 


Organization 


How pixel values are mapped into the update proces- 
sor’s address space has a substantial impact on the 
speed with which the processor can alter the memory. 
Two basic types of organization are commonly used to 
store and access pixels in display memory: pixel and 
plane organization. 


Pixel Organization. In pixel organization, the storage | 


cell is arranged so that all bits in a pixel are contained 
in the same word. When pixel length is shorter than 
word length, multiple pixels can be packed into each 
word, When the graphics processor accesses a word of 
display memory, all of a pixel’s bits are available simul- 
taneously. Therefore, in a pixel-based architecture, 
frame buffer data is handled one pixel at a time, 
providing a technique that can quickly access individ- 
ual pixels (figure 4). 


For multiple planes, the address to the plane buffer 
generates a data word composed of pixels at the same 
location across multiple planes. Because the pixel 
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organization addresses individual pixels, there are no 
problems regarding word alignment during image 
transfers, This architecture is often found in image 
processing and solid modeling applications, where the 
value of each pixel is very computation-intensive be- 
cause of color value or shading variations. 


Plane Organization. In plane organization, the frame 
buffer may be viewed as a number of separate planes, 
where the number of planes in the frame buffer is equal 
to the number of bits in a pixel. In a two-dimensional 
display memory, each pixel consists of one bit, which 
can be either on or off, indicating the presence or 
absence of a dot. Such a display memory supports a 
monochrome, single-intensity display. In a color dis- 
play, additional bits at each pixel add color and control 
the intensity. A four-bit pixel, for instance, can control 
the CRT’s red, blue and green color guns, as well as the 
pixel’s intensity. Each bit with the pixel corresponds to 
a separate plane. 


Planes can provide information other than color. For 
example, one plane can show a static picture, while 
another displays an icon that the user can drag around 
the screen with a mouse. Alternatively, it is possible to 
use a one-bit plane to mask certain regions of another 
plane. 


In plane organization, display memory is divided so 
that all the bits associated with one plane are stored in 
the same area of memory (figure 5). Each word, there- 
fore, comprises bits associated with only one plane. 
The display memory data is accessed one word at a 
time. Since a word is usually 16 to 32 bits, the chip must 
access at least 15 unnecessary bits to be able to 
manipulate one bit with the pixel. Furthermore, be- 
cause of the word boundary of 16 bits, a barrel shifter is 
required if image placement and movement accuracy 
are needed at the actual pixel level. 
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Figure 4. Pixel Access 
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Plane organization is the most popular in engineering 
and business applications, because they require less 
intensive pixel computation but more intensive data 
creation and image movement computation. This ar- 
chitecture costs less and brings with it higher perfor- 
mance when large bit maps must be manipulated. 


Pixel and Plane Organization. Some applications 
need both types of access, in which case the integrated 
organization shown in figure 6 may be implemented. 
Access to the frame buffer can be either at word width 
or pixel depth, providing the best of both types. For 
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example, when pixel information such as a dot pattern 
for one plane is written to the frame buffer, a number of 
planes can be written at the same time using plane 
access. Because individual pixels can be accessed, 
word alignment when moving images is not an issue. 
Likewise, when the frame buffer is read, a number of 
planes can also be read in plane access and a number 
of pixels can be read simultaneously in pixel access. 
This enhances comparison functions such as color 
detection (pixel access) and pattern detection (plane 
access). 
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Figure 6. Plane and Pixel Access 
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Word Alignment 


Although plane organization is implemented in a num- 
ber of popular graphics systems, restrictions associ- 
ated with word boundary constraints have limited the 
flexibility and performance of these systems. The pixel 
and plane combination solves this problem by provid- 
ing the ability to first access each pixel individually and 
then switch to plane access. 


At the graphic processor level, a number of manufac- 
turers have provided the ability to switch between pixel 
and plane access or provide a function to align word 
boundaries. For example, NEC’s uPD72120 Advanced 
Graphics Display Controller™ provides both plane and 
pixel access. National Semiconductor's graphics chip 
set uses a plane organization, but takes another ap- 
proach to this issue by including a BITBLT (bit-boundary 
block transfer) processing unit chip that is a slave to the 
raster graphics processor and performs all the mask- 
ing, word alignment, barrel shifting, data transfer, and 
Boolean logic necessary for BITBLT operations. 


Access Modes 


The plane and pixel organizations provide a means of 
organizing the frame buffer in such a way that its 
performance is optimized for a number of applications. 
Also, by providing logical and arithmetic functions that 
operate on arrays of data, the transfer of data between 
the graphics processor and the frame buffer can be 
optimized. These logical and arithmetic functions can 
be implemented in the instruction set of the graphics 
buffer or inthe architecture of the frame buffer, depend- 
ing on the application. 


Figure 7. BITBLT Operation 
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BITBLT Operation 


The BITBLT instruction, first developed on the Alto 
system, provides a powerful capability for bit opera- 
tion on rectangular areas having the same heights and 
widths: 


Q Moves rectangular regions of pixels and is not 
restricted to contiguous linear arrays 


OQ Operates at any pixel boundary and is not 
restricted to byte or word boundaries 


O {s able to mix the source and destination pixels 
with a Boolean logical operation and is not 
restricted to a simple replace destination with 
source transfer 


The instruction copies a source array into a destination 
array, where the destination array is derived by apply- 
ing a given logical operation called the combining rule 
to pairs of bits in corresponding positions in the two 
arrays (figure 7). 


The original concept of BITBLT entails a set of 16 
specific combining rules that are one of the 16 Boolean 
operations defined in table 3. The AND function uses 
its source as a mask to selectively clear parts of the 
destination, while the OR function selectively sets 
parts of the destination. Thus the OR can be used to 
paint shapes into the refresh buffer, perhaps under 
control of a mouse or tablet. Another use of the OR 
function is to place text characters defined by bit 
arrays into a refresh buffer without changing the back- 
ground pixels around those that form the character 
itself. 
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uUPD72120 Advanced Graphics Display Controller is a trademark of NEC Corporation. 
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Table 3. BITBLT Combination Rules 

Bit Pattern Boolean Expression Operation 
0000 d:= 0 CR_O 
0001 d:= sed CR_AND 
0010 d:= s°(d) CR_SND 
0011 d:=s CR_S 
0100 d:= @)¢d CR_DNS 
0101 d:=d CR_D 
0110 d:=s@d CR_XOR 
0111 d:=std CR_OR 
1000 d:= (6+ d) CR_NOR 
1001 d:= 6 @d) CR_NXOR 
1010 d:=d CR_ND- 
1011 d:= ((s)°d) CR_NDNS 
1100 d:i=6§ CR_NS 
1101 d:= (§*(d) CR_NSND 
1110 d:= (s°d) CR_NAND 
1111 d:= 1 CR_1 
Notes: 


(1) s and d are the source and destination bits. 


(2) ¢, =i ®, and + are Boolean AND, NOT, XOR, OR operators, 
respectively. 


Some versions of BITBLT also use a 16 by 16 pixel 
halftone or pattern array that functions as an addition 
mask (figure 8). The halftone array can be used in place 
of the source or can be ANDed with the source prior to 
being combined with the destination. This same ver- 
sion of BITBLT also allows a clipping region to be 
associated with the destination. This can be used, for 
instance, to clip characters defined by bit arrays much 
more easily than if the clipping step where part of the 
viewing transformation process. This speed is crucial, 
especially for smooth scrolling of text by units of less 
than one character height. As the name indicates, the 
BITBLT is a block transfer operation, where the desti- 
nation is stored as an array of bytes and where each 
byte represents eight successive bits. 


PIXBIT Operation 


The implementation of the BITBLT operation can be a 
tricky endeavor. Source and destination areas may 
overlap; therefore, the algorithm must be careful to 
operate in an order that ensures data will not be 
overwritten before it is used. The problem is further 
complicated by the arranged of the frame buffer, which 
is often arranged with 16 or 32 horizontally adjacent 
pixels in a single word. Because regions do not neces- 
sarily fall on word boundaries, corresponding pixels in 
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source and destination words may fall at different bit 
positions with the words. In order to operate on several 
pixels within each memory word in parallel, two source 
words must be available to be aligned with the data 
within the destination data word. The logical operation 
is then applied to the aligned words, and the result 
written to the destination location. This must be re- 
peated for each word containing a destination pixel. 


The PIXBLT operation eliminates the need to align 
operands on word boundaries, because the PIXBLT 
operation accesses pixels and not words or bytes. The. 
basic PIXBLT algorithm supports combination rules 
(similar to those found in BITBLT operation) and auto- 
matically aligns the source and destination arrays. 
PIXBLTs operate on multibit pixels, which gives them a 
speed advantage over BITBLTs in color systems be- 
cause they perform the operation on all planes at once. 
They can perform logical and arithmetic operations, 
transparency detection, plane masking, and color ex- 
pansion. Because PIXBLTs perform arithmetic opera- 
tions that require the processor to have the ability to 
handle carries between bits, a PIXBLT can only be 
implemented with a frame buffer that has pixel organi- 
zation. PIXBLTs are useful for performing the Bresen- 
ham anti-aliasing algorithm for line drawing primitives. 


TILE Organization 


Traditional frame buffers are designed so that sequen- 
tial memory locations lie along ascan line. To refresh a 
raster scan display, the sequential pixels must be 
provided at a very high speed. In the past, display 
refreshing required a significant percentage of the 
available RAM bandwidth. Video RAMs that separate 
frame buffer update cycles from video refresh cycles 
recently became available, allowing almost all of the 
RAM bandwidth to be used for image updates. 


Unlike video refresh cycles, generation of images into 
the frame buffer is not necessarily dependent on scan 
lines. In fact, many display operations manipulate 
groups of pixels having two-dimensional locality. This 
characteristic allows frame buffer input mechanisms to 
be organized not as scan lines but as two-dimensional 
or rectangular arrays called tiles. With this organiza- 
tion, more pixels are updated per memory cycle, thus 
increasing the data bandwidth between the scan con- 
verter and the frame buffer and increasing overall 
system performance. 


The number of pixels updated per tile is also a function 
of tile organization and the type of operation being 
performed. In a pixel/plane architecture, tile organiza- 
tions can be readily handled because packed pixels 
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can be sequentially accessed. For randomly oriented 
vectors, a square tile organization gives the highest 
average number of pixel updates per memory cycle. For 
horizontal vectors that include polygon fill, a tile orga- 
nization linearly in the horizontal dimension gives the 
highest number of pixel updates per cycle. 


O Atile is the maximum, simultaneous work area for 
the graphics processor. 


O The more pixels updated per cycle, the higher the 
pixel performance. 


Q The number of pixels updated per cycle is a 
function of tile size. 


© The number of pixels updated per tile is also a 
function of tile organization and the type of 
operation being performed. 


Figure 9 shows an example of a one-plane buffer that 
supports 4 x 4 tiles and 16x 1 tiles. The RAM has 16 data 


Figure 8. Examples of Combination Rules 


Source 





‘Destination 


Frame Buffer Architecture 


lines, with each of the four groups of data lines (A, B, C 
and D) able to receive a different address. The illustra- 
tion shows how data lines in the storage array map into 
the display. Note that for any 16 consecutive pixels in 
the horizontal direction, each comes from a different 
data line. Also, in any 4 x 4 group of pixels, each of the 
16 comes from a different data line in the array, allowing 
access of 16 pixels to originate from either a 16 x 1 or 4 
x 4tile, based on the addresses supplied to the different 
groups of RAM. To access a 16 x 1 tile, all groups of RAM 
receive the same address. To access a 4 x 4 tile, each 
group of RAM receives a different address, namely 
ADDR, ADDR+ M, ADDR+ 2M, andADDR+ 3M (where M 
= consecutive memory addresses). Which group of 
RAM gets each of these addresses depends on the 
particular 4 x 4 tile being accessed. The fact that the 
four data lines within a group always have the same 
address fixes the tiles on four-bit boundaries. 


Result 
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Figure 9. Tile Organization 
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FRAME BUFFER ARCHITECTURES 
Double Buffer Architecture 


One of the solutions is to divide the frame buffer into 
two separate storage arrays, where one is used to 
refresh the display and the other to update the image 
(figure 10). When the display controller decides to 
change the image on the screen, it switches the two 
buffers, substituting the new image into the refresh 
buffer and using the old refresh buffer to update a new 
image, and so forth. One of the disadvantages of this 
architecture is that it requires twice the amount of 
memory; however, it is essential to ensure a smooth 
transition between successive images. Even if the im- 
age can be written within one frame cycle, the display 
must be erased between frames, causing flicker. 


Double buffering can be implemented with two meth- 
ods: either by splitting the available memory in pixel 
depth and using two buffers with reduced color reso- 
lution, or by splitting the x,y resolution of the memory 
and retaining full pixel depth. When the two buffers use 
entirely separate sets of memory chips, the display 
processor and the video refresh processor have com- 
plete access to their respective memories. If the buffers 
must share memory chips, little or no access improve- 
ment results, but image transition is smoothed. 


A512 x 512 x 32-bit frame buffer can be treated as two 
512 x 512 x 16-bit buffers. in some cases, the lost color 
resolution can be regained in the video output chain. 
The advantage of the pixel depth-splitting approach is 
that the system can be used as a single-buffer system 
for full color applications, and as a double-buffered 
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system with reduced color resolution for applications 
that may not need full-color capability. 


In systems with at least twice as much memory resolu- 
tion as the desired output resolution, double buffering 
is accomplished by treating the memory as if it were 
two or more distinct buffers of the desired size. In some 
systems, x,y memory storage resolution is larger than 
the maximum displayed resolution, e.g., as in a 1024 x 
1024 storage array in which only 512 x 512 can be 
displayed at any time. 


Correctly designed addressing and window circuitry 
allow the use of different quadrants of the memory as 
multiple buffers. In a system that doesn’t have a sepa- 
rate z buffer, an additional advantage is realized: one 
quadrant of memory that isn’t displayed can be used to 
store z values for a z buffer hidden surface algorithm. 
The double-buffer architecture provides a solution to 
the display processor/frame buffer bandwidth problem, 
but at the expense of additional cost and complexity. A 
much more classical solution to this bandwidth prob- 
lem is found in dual-port architectures. Such an archi- 
tecture is provided by a dual-port graphics buffer, 
which consists of a random access port (similar to a 
typical DRAM) and a serial output port. 


Dual-Port Graphics Buffer 


The fundamental structure of a frame buffer is that of a 
dual-port memory in which one port is used to read 
memory values at high speed for displaying and the 
other port is used by an update processor to change 
the display image by changing the memory contents 
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(figure 11). To update the processor, the frame buffer 
behaves like all other memory in the system. It re- 
sponds to each request to read or write a byte, a word, 
or multiple words as required. The display port is 
controlled by a video generator, which reads from 
memory the pixel values that correspond to the raster 
scanning pattern used on the display. The size and 
speed of the frame buffer must be chosen to match the 
properties of the display. 


The display processor accesses the dual-port graphics 
buffer via the random access port, and it performs a 


Figure 10. 
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data transfer from the random access port to the serial 
port when the display needs to be refreshed. The serial 
port consists of a large video shift register. The address- 
ing of the memory is arranged so that a row of the 
memory chip contains bits that describe adjacent pix- 
els on a scan line. The shift register is loaded at the 
beginning of the scan line, and then shifted to obtain 
the values of subsequent pixels. Because the shift 
register can only operate at 33 MHz, several chips are 
usually operated in parallel, and a final high-speed 
video multiplexer produces values at pixel rates. 
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The shift register in a dual-port graphics buffer in- 
creases the bandwith available relative to a typical RAM 
chip by a factor of 6 to 8 in a way that directly benefits 
frame buffer display designs. For display refresh cycles, 
512 bits are obtained with a single row access cycle, 
and therefore almost 100% of the normal row/column 
accesses can be devoted to the update port. Only 
infrequently must the update accesses be suspended 
so that a row address can reload the shift register. 


Several system-oriented features were incorporated 
into the 64K x 4 dual-port graphics buffer architecture, 
including a mask function that provides the ability to 
alter some of the pixel values while leaving the remain- 
ing pixels unchanged. Current applications often re- 
quire updating only one bit on a pixel. Conventional x4 
memory devices must perform the same operation on 
all four bits. The system must execute a read cycle, 
update the desired data bits, and then execute a write 
cycle or provide an extended read-modify-write cycle. 


The dual-port graphics buffer provides a write-per-bit 
option that can be set as part of a write cycle without 


any increase in cycle time over a standard read or write: 


cycle (the write-per-bit feature is also being imple- 
mented on standard DRAM products). Standard dual- 
port graphics buffers also are able to load the serial 
register from the random access port without stopping 
the serial cycle. This feature is called real-time data 
transfer. Information can be transferred during mid- 
scan or during the retrace interval. A single memory 
device can now contain multiple segments of a scan 
line. This feature, combined with the ability to define 
the starting location of the serial port (pointer control) 
greatly simplifies the control logic required for scroll- 
ing and hardware windows. 


Some general themes pertaining to the design of all 
frame buffers, although their implications for each 
application may differ. 


O Organize the memory to provide sufficient 
bandwidth for both the display and update ports. 
While it is tempting to skimp, it generally leads to 
poor performance because the image cannot be 
changed fast. If the bandwidth for the two ports is 
equal, then the entire image can be changed in 
one frame cycle. 
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QO Organize the update port to access the pixel data 
required. For example, if an application often alters 
only a single plane of memory at atime, a pixel 
access architecture is inefficient because each 
memory access yields all bits of a pixel rather than 
just the plane needing to be changed. 


QO Organize the memory so that the spatial 
organization of the update port accesses those 
pixels that often need to be changed. The 
conventional organization, which alters a 
horizontal group of pixels in one access, is 
inefficient for writing thin vertical lines in the frame 
buffer. 


Q Design the update port in conjunction with the 
processor that will use it. 


Special Features of a Dual-Port Graphics Buffer 


As the dual-port graphics buffer market has matured, 
manufacturers have created products that increased 
the number of on-chip features (table 4), thereby reduc- 
ing display processor workload and increasing overall 
system performance. This trend has continued, as 
evidenced by designs for contemporary dual-port 
graphics buffers. 


Flash Write Feature. Flash writing uses one of the 
dual-port graphics buffer’s designated special feature 
pins. In the case of NEC’s 256K x 4 uPD42274, pin 22 is 
defined as FWE for flash write enable. This feature 
allows the user to erase and/or write to the display ina 
much faster time than is required using the conven- 
tional method, thus enhancing applications that clear/ 
write the entire display screen (figure 12). The flash 
write feature 


QO Allows an entire row of scan line data to be written 
in one operation 


Q Is initiated by a special function FWE pin 


0 Updates screen data more quickly than in 
conventional write cycles 


In a standard dual-port graphics buffer, a unique row 
and then a unique column are decoded from the ad- 
dress and a single memory cell is written. In this cycle, 
all the column decoder outputs are enabled, allowing 
all the bits in the selected row to be written. 


QO 


NE 


Table 4. Feature Comparison 
Device 
Features 
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pPD42273/ TC524256A/258A 
<—e _— TC524256 TC 528128A a 251 | MB81C 4251/3 M5M442256 


wreet__| Nee 


Fast-Page 
Flash Write 


ae ee Yes 


ce 
Raster Yes No 
Operation 

600-mil, 

28-pin DIP N/A Yes No 
400-mil, Yes N/A Yes Yes N/A Yes Yes Yes Yes Yes 
28-pin ZIP 

400 -mil, Yes N/A Yes Yes N/A Yes Yes Yes Yes 
28-pin SOJ 

600-mil, | N/A N/A N/A Yes N/A N/A N/A N/A N/A 
40-pin DIP 

400 -mil, N/A Yes N/A N/A Yes N/A N/A N/A N/A N/A 
40-pin SOJ 

Figure 12. Flash Write Operation 
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Bounded Flash Write Feature. Although flash writing 
provides a means for clearing/writing a screen very 
quickly, it can’t be used in the window environment 
popular in today’s graphics market. In conventional 
flash writing, no option exists to write to only a seg- 
ment of the row that will be needed in a window 
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environment. The bounded flash write feature can pro- 
vide this function by allowing the user to specify the 
segment of the scan line to be accessed (figure 13). 
Bounded flash writing has not been implemented in 
dual-port graphics buffer architecture, but it deserves 
some consideration in today’s x-window era. 
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Block Write Feature. Many frame buffer designs ad- 
dress specific performance requirements, but the prob- 
lem. lies in optimizing the architecture of the display 
processor with the kinds of features that may be 
needed for a general-purpose dual-port graphics 
buffer architecture. For example, the BITBLT operation 
that many graphics processors use to implement win- 
dowing applications is used to transfer blocks of data 
from a source array to a destination array of equal 
height and width. Because this operation moves a 
square block of data, system bus performance can be 
enhanced if the graphics buffer was able to store data 
in a block format, rather than in four separate sequen- 
tial scan lines (figure 14). Unlike bounded flash writing, 
the block move feature has been implemented in sev- 
eral dual-port graphics buffer architectures. 


Persistent Write-Per-Bit Feature. The write-per-bit 
feature is a standard option of dual-port graphics 
buffers, but in some applications, system timing con- 
siderations prohibit the use of this function because of 
the additional overhead required to supply the mask 
data on each write cycle. The persistent write-per-bit 
feature solves this problem by permitting mask data to 
be written only once (figure 15). 


Figure 13. Bounded Flash Write Operation 
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Extended Fast-Page Cycle. The display processor-to- 
frame buffer bandwidth is a key issue in determining 
performance of a graphics system. The trend in dual- 
port graphics buffers has been to follow standard 
DRAM evolution, expanding memory capacity with 
each new generation. In many cases, organization and 
not capacity determines bandwidth of the frame buffer. 
Therefore, a wider x8 organization would enhance sys- 
tem bandwidth and reduce the number of dual-port 
buffers needed in frame buffer design. 


Another approach is to provide high-speed access such 
as the fast-page cycle implemented on the 256K x 4-bit 
generation of dual-port graphics buffers. Bandwidth 
requirements of fast-page cycles may be inadequate in 
some applications. The popularity of RISC architec- 
tures has created a demand for synchronous pipeline 
operation, for which extended fast-page access is 
being proposed. This feature interlaces the internal 
accesses of the dual-port graphics buffer and latches 
the data on-chip so that it can then be accessed 
synchronously, reducing the page access time from 
60 ns to 30 ns. Extended fast-page access means that 
frame buffer designs will be able to increase bandwidth 
without increasing the size or cost of the device. 


Bounded Flash Write 
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Figure 14. Block Write Feature 
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Figure 15. Persistent Write-Per-Bit 
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Logic and Arithmetic Functions 


The BITBLT operation has been defined as a means of 
copying an array of equal height and width from a 
source array to a destination array. Additionally, there 
are a number of combination rules that define how the 
source data is combined with the destination data to 
form the new values. There is also a third form called a 


HPD42232 is a trademark of NEC Corporation. 
HM53462 is a trademark of Hitachi. 
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pattern array that can be combined with the source 
toproduce a replicate pattern over the destination. 
Another name for BITBLT is RASTER-OP (figure 16). This 
nomenclature is pertinent to dual-port graphics buffers 
because it has been implemented in devices such as 
the NEC pPD42232™ and the Hitachi HM53462™ in 
which it was first introduced). 
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Figure 16. RASTER-OP Functions 
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Figure 17. Example of RASTER-OP 
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The function can be implemented by inserting a logic 
unit between the input/output buffers and the internal 
input/output bus amplifier (figure 17). The logic unit is 
controlled by a 4-bit code that defines one of the 16 
combination functions. NEC’s uPD42232 approach to 
on-chip RASTER-OP involves the addition of a third 
inputto the logic unit, a pattern function. This approach 
is compatible with the classical implementation of 
BITBLT, but the number of combination functions has 
been increased from 16 to 256 on the NEC device.Logic 
functions provided by the RASTER-OP operation are 
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useful in two-dimensional graphics systems, but with 
the increasing development of three-dimensional sys- 
tems that require hidden surface removal, three- 
dimensional polygon filling, etc., there is a requirement 
for much more powerful computational functions. Sev- 
eral contemporary graphics processors provide a num- 
ber of pixel processing operations intended to address 
the requirements of three-dimensional systems. 


One example is the pixel-planes graphics engine archi- 
tecture, which replaces the rasterizer, frame buffer, and 
video controller of a conventional system. Its main 
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component is a “smart frame buffer” composed of 
custom VLSI enhanced memory chips that address the 
computational problem with a highly parallel processor 
that mimics a processor per pixel. The memory band- 
width bottleneck is overcome by intimately connecting 
processing circuitry and memory. Figure 18 shows a 
block diagram of the arithmetic logic unit, where logical 
operations are performed by a one-bit address with a 
multiplier on each of its three inputs. The pixel-planes 
architecture represents a trend in high-end graphics 
architectures that optimizes the graphics pipeline 
primitives by creating a smart frame buffer capable of 
performing computational functions and using con- 
current operations. 


Figure 18. Smart Frame Buffer 
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Word Alignment in Dual-Port Graphics Buffers 


An important issue in plane-organized graphics sys- 
tems is aligning word boundaries. Although alignment 
functions exist in contemporary graphics processors, 
graphics systems designed for the low-end market may 
not be able to justify the cost of a high-end processor. 
One solution is to provide a dual-port graphics buffer 
with both plane and pixel access capabilities. An alter- 
native solution is to include a barrel shifter function 
(figures 19 and 20). Both approaches are nonstandard 
but could be considered for an application-specific 
design that distributes some of the processor’s func- 
tions to the frame buffer. 
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Figure 19. Chip Addressing to Cross Word Boundaries 
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Figure 20. Barrel Shifter Function 
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Special Serial Port Features Alternatively, if the data from the random access port 
could be loaded into an idle part of the serial access 
port, the serial access port would not be interrupted. 
This could be accomplished with the use of a split- 
buffer serial port architecture, which separates the 
serial port into two equal haives, allowing concurrent 
data transfers from the random access port while the 
serial port transfers data to the display, thus increasing 
pixel bandwidth. 


High performance graphics applications require 
screen refresh rates in the range of 60 to 72 Hz; also 
full-resolution stereoscopic displays require twice this 
refresh rate, 120 Hz. In order to be able to accommo- 
date these high rates, a very fast serial access cycle is 
required. A data transfer cycle to load data from the 
dual-port graphics buffer into its serial access memory 
requires use of the random access port. For example, a 
fast-page cycle must be in progress before a data Another advantage of using a split-buffer architecture 
transfer cycle can occur, which meansit would be good _is that tile boundaries can be crossed in real time. For 
to reduce the number of times that serial access mem- example, a frame buffer organized into 16 x 16 tile can 
ory must be loaded. be access by two dual-port graphics buffers. The left 
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half of the split buffers of devices 1 and 2 (figure 21) is 
used to fill tile A, and the right halves are used to fill tile 
B, and so forth. Because the data transfer is done on 
tile boundary, the unused or off-screen memory in the 
device is one linear array, allowing the system to use 
the memory of other functions such as z buffers. 


Serial Input. Serial input has been offered as a stan- 
dard feature in a number of 64K x 4 and 256K x 4 
dual-port. graphics buffers, and can be used in image 
processing applications as an input port to store serial 
pixel data. The serial port can also be used to transfer 
data between two planes while the display is not being 
updated, bypassing the random access port: buffer. 
Although it wasn't considered an essential feature inthe 
past, developing applications indicate a need for serial 
input. 


When both serial input and output functions exist ina 
dual-port graphics buffer, the serial port can execute a 
pseudo-write transfer cycle, which switches the serial 
port from serial output to serial input with no actual 
data transfer taking place between the dynamic and 
static RAMs. This feature is useful in an alternating shift 
sequence where the dual-port graphics buffer is writing 
and reading data on the serial bus. 


Seria! Port Organization. The number of serial input/ 
output pins has a direct relationship on the pixel band- 
width and number of dual-port graphics buffers 
needed to update the display. A typical system that 
displays an 8-bit word horizontally on the screen might 
need a final pixel rate of 120 MHz. If the serial port is 
organized with a x8 port operating at 30 MHz, NMOS 
and CMOS devices can be used together with an 8:1 
multiplexer for updating the display. The disadvantage 
of using a wider serial port is larger package size, 
higher power requirements, and increased noise. 


Figure 21. Split Buffer Configuration 
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Video Generation 


The job of the video generator is to fetch pixel values 
from the display port, convert them to analog voltages, 
and pass the results to the display monitor where they 
will control the intensity of one or more electronic 
beams. The video generator also creates synchroniza- 
tion signals used by the display monitor to coordinate 
the beam’s sweep across the screen with the arrival of 
pixel data. 


Video Lookup Tables. In addition to providing a digital- 
to-analog conversion function, the video generation 
circuit almost always provides a RAM-based lookup 
table that performs two functions: it allows greater 
precision in intensity or color values than can be 
represented in the frame buffer directly, and it allows 
certain kinds of dynamic displays because the table 
can be changed more rapidly than the contents of the 
entire frame buffer. 


A pixel’s color is determined by the bits stored at the 
pixel’s address in the frame buffer. The pixel’s contents 
don't drive the digital-to-analog converter directly; they 
are pointers to colors in a RAM lookup table. The width 
of the lookup table in a triple digital-to-analog converter 
formation is three times the resolution of the devices. 
The first third of the lookup table entry controls the red 
digital-to-analog converter, the second controls the 
blue, and the third controls the green. The number of 
bits in memory controls the total palette size. For 
example, three 6-bit digital-to-analog converters will 
result in an 18-bit wide lookup table, allowing a total 
palette size of 262,144 colors. 
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Color resolution is determined by the number of bits 
per pixel. Eight bits per pixel gives a markedly better 
picture than four bits per pixel; however, 24 bits per 
pixel provides true color. More than 256 colors can be 
displayed on the screen at once by changing the color 
associated with each address in the lookup table. The 
colors can be changed as often as once every scan 
line. This technique is called “pseudocolor.” 


Lookup tables may have separate registers for gener- 
ating overlays, which provide a means of generating an 
image separate from the frame buffer. The overlay 
registers are controlled by the system processor, and 
allow the system software to control the system graph- 
ics elements independently from the application soft- 
ware graphics. System software displays basic, rela- 
tively unchanging graphics elements such as cursors, 
screen frames, and system messages. Application soft- 
ware manipulates a variety of changing graphical infor- 
mation. By overlaying one or more separate graphics 
planes displaying system information, the time- 
consuming task of updating the frame buffer can be 
avoided (figure 22). 


Digital-To-Analog Converters. The digital-to-analog 
conversion portion of the video generation circuit con- 
verts the digital output of the lookup table into analog 


Figure 22. Overlaying of One or More Planes 
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circuits that are used to drive the display monitor. 
These converters are specified regarding their organi- 
zation (e.g., triple 6-bit, single 8-bit, etc.) and the speed 
at which they can operate. Figure 23 shows the rela- 
tionship between screen resolution and digital-to- 
analog converter bandwidth. A number of manufactur- 
ers produce both triple and single converters, up to a 
speed of 360 MHz. If greater speed is required, a dis- 
crete bipolar circuit needs to be designed. 
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Figure 23. Relationship Between Screen Resolution and Bandwidth of the Digital-to-Analog Converter 
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Introduction 


Computer-generated images that rival color photogra- 
phy in all of its nuances of color, shading, reflectance 
and translucency is in demand by a growing number of 
users. This application note will discuss the algorithms 
able to generate these effects, which have been inte- 
grated into a variety of systems with impressive results. 


Three-Dimensional Graphics System 


In a three-dimensional system, the object rendered is 
described as a mathematical model that holds primi- 
tives such as lines, polylines, and polygons in a display 
list. Traversing the display list produces a sequence of 
data in world coordinates. Often this data represents 
polygon vertices, but it can also represent control 
points for parametric surfaces and other data that 
must be converted to a polygonal approximation of the 
surface. Polygons expressed in three-dimensional 
world coordinates transform geometrically into a form 
suitable for display on atwo-dimensional raster device. 
Transformations include three-dimensional to two- 
dimensional projection, translation, scaling, rotation, 
perspective projection, and clipping. The result is a 
series of polygon vertices supplied in coordinates for a 
specific CRT. 


The polygon vertices and their associated color data 
are interpolated to determine the pixels to be illumi- 
nated and the color to be displayed, while depth (z 
axis) information is interpolated to determine which 
polygons are obscured from the observer's view. Color 
values are written to the frame buffer and depth values 
to the z buffer which, with its associated hardware, 
supplies hidden surface removal. Finally, each pixel 
from the frame buffer is sequenced in the line as 
required by the CRT and converted to an analog signal. 


Although a basic three-dimensional system can render 
a realistic image, special functions are required to 
Figure 1. . Basic Three-Dimensional Pipeline 
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produce subtleties of color, shading, shape and trans- 
lucency. These functions must be able to model the 
behavior of light with different levels of complexity, 
provide methods for creating realistic surface textures, 
compensate for the limitations of the display technol- 
ogy, and provide techniques for rendering natural ef- 
fects such as terrain and clouds. 


Two- and Three-Dimensional Image Processing 


Three-dimensional graphics is an order of magnitude 
more complex than two-dimensional graphics, and 
while a detailed description of its specifics is beyond 
the scope of this paper, some aspects pertain to this 
discusssion. 


The viewing pipeline in two-dimensional graphics in- 
volves transformations from two-dimensional coordi- 
nates, world coordinates, normalized device coordi- 
nates, and device coordinates. Moreover, the objects 
may be transformed at one of the stages by some 


combination of translation, scaling, and rotation. 


In three-dimensional graphics, the pipeline is more 
complex because there is a projection stage, where the 
three-dimensional world coordinates in which the 
scene is described are projected onto a two- 
dimensional projection plane. Conceptually, objects in 
the three-dimensional world are clipped against the 
three-dimensional view volume and then projected. A 
view volume is specified in world coordinates, in a 
projection onto the projection plane, and in a viewport 
on the surface. The contents of the window, which is 
itself the projection of the view volume onto the projec- 
tion plane, are then mapped into the viewport for 
display. Figure 1 shows this process, which is the model 
used in numerous three-dimensional graphics subrou- 
tine packages. As with two-dimensional viewing, a 
variety of models can be used for actual implementa- 
tion of the viewing process. 
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Given the specification of a view volume and a projec- 
tion, there is a need to understand how the clipping 
actually is done and how the projection is applied. It is 
possible to clip lines against the view volume by first 
calculating their intersection with each of the six planes 
defining the view volume. Lines remaining after the 
clipping process would be projected onto the view 
plane by simultaneously calculating the intersection of 
the projectors through their end points with the view 
plane. The coordinates would then be transformed 
from three- into two-dimensional world coordinates. 


To be able to include three-dimensional viewing opera- 
tions in a standard graphics package, two sets of 
capabilities must be added: output primitives in three- 
dimensional coordinates, and specifications of planar 
geometric projections. Output primitives in three- 
dimensional world coordinates are straightforward ex- 


Figure 2. 
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Three-Dimensional Projections 


Table 1 identifies and defines the specifications for a 
three-dimensional projection. Figures 3, 4 and 5 are 
corresponding examples. 


Table 1. 
Parameter Description 
uv Coordinate System System by which a window is defined 
u Axis Direction 

v Axis Direction 
Center of Projection 
View Plane 

View Plane Distance 
View Plane Normal Is used to specify the view plane 
View Reference Point 
View Up Vector 


View Volume 
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tensions from the two-dimensional primitives. A third 
parameter, the z coordinate, is added to the procedure 
call. The perspective projections in a graphics package 
allow viewing from a number of perspectives, including 
from the center of a projection, from a view plane, from 
a window on the view plane, and from a viewport on the 
view surface. 


The extra complexity introduced with  three- 
dimensional viewing is caused by the fact that the 
display devices are only two-dimensional. The solution 
to the mismatch between three-dimensional objects 
and two-dimensional displays is solved by introducing 
projections, which transform three-dimensional ob- 
jects onto a two-dimensional projection plane (figure 
2). The large number of calculations required for this 
process, repeated for many lines, calls for considerable 
computing. 


Three-Dimensional Viewing Process Extended to Include Two-Dimensional 
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Parameters for a Three-Dimensional Projection 


The direction of u, v and the view plane normal when positioned to form a left-hand coordinate system 
Coincident with the projection of the view up vector parallel to the view plane normal onto the view plane 
Helps define the view volume and is specified in world coordinates relative to the view reference point 
Plane on which the scene is to be projected 


Distance of the view reference point to the view point along the view plane normal 


Source of u axis and v axis in the uv coordinate system 
Determines the v axis direction; its projection parallel to the view plane normal is coincident with the v axis 


Bounds the portion of the world that will be clipped and projected, and is defined in part by the window 


NEC 


Realism in Computer Graphics 





Figure 3 illustrates how the v-axis direction on the view 
planeis determined. The v-axis direction coincides with 
the projection of the view up vector parallel to the view 
plane normal. 


Figure 3, uv System in the View Plane 
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The view reference point, view up vector, and view plane 
normal are specified in the left-hand world coordinate 
system. With the uv system defined on the view plane, 
it is possible to specify the window’s minimum and 
maximum u and v values, as shown in figure 4. Notice 
that the window need not be symmetrical about the 
view reference point. 


Figure 4. Window in uv Coordinates 
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For perspective projections, the center of projection 


also helps to define the view volume. The center of 
projection is specified in world coordinates relative to 
the view reference point. The view volume is a semi- 
infinite pyramid that slides through the window, with its 
apex at the center of projection. Figure 5 shows the 
perspective projection view volumes. Positions behind 
the center of projection are not included in the view 
volume and will not be projected. 


Figure 5. Sem#-intinite Pyramid View Volume 
for Perspective Projection 
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Anti-Aliasing 


No matter how sophisticated the object model, it can- 
not overcome the consequences of sampling a contin- 
uous scene with a finite number of elements. Such 
sampling is an inevitable outcome of the very raster 
graphics technology that has made shaded image 
generation possible. A raster display consists of a 
rectangular array of spots, each of which can be con- 
trolied in intensity by the CPU. The actual image is a 
continuous intensity function of x and y on the screen; 
the pixels are regularly spaced samples of this contin- 
uous function. In any sampled data system, problems 
arise if the resolution of the continuous function is the 
same as or smaller than the spacing between samples. 
This phenomenon, known as aliasing, is visible on CRT 
screens as jagged lines, or jaggies. It is particularly 
apparent on lines and curves angled close to the 
horizontal and vertical axes, and often appears in 
images displayed on screens with low to moderate 
resolution (figures 6 and 7). 


Figure 6. 
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Vertical Aliasing 





Figure 7. Horizontal Aliasing 
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Generally, aliasing can be found in at least three types 
of graphics: (1) in jagged edges of straight lines and 
polygon boundaries, (2) in objects smaller than pixel 
size or in objects containing very thin lines or polygons, 
or (8) in complex scenes containing a lot of fine detail. 
Unless special measures are taken, the. fine detail is 
either totally lost or distorted beyond recognition. 
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The solution is to eliminate high frequency information 
before sampling the picture. Visually this means blur- 
ring the picture. Mathematically it means the intensity 
of a picture should be more than just'the point to which 
it Corresponds in the continuous picture; it should be 
some weighted average of the intensities surrounding 
the point. The anti-aliasing process requires the weight- 
ing function at each pixel to be multiplied by the ideal 
intensity function, the results integrated, and the result 
used as the displayed intensity. Perhaps the most 
obvious anti-aliasing technique is to sample the image 
at aresolution higher than the one used for display, and 
average down to the true pixel level. Elementary statis- 
tical theory shows that the average values contain 
more information about the true image than if the 
sampling had been performed at display resolution 
size. 


Aliasing occurs especially when the intensities in the 
scene change sharply within a region, for it is in 
precisely such regions that the sampling rate is not 
high enough to capture the changes. The idea of filter- 
ing is directly based on the idea of a pixel covering a 
finite area of the scene. A filter applied to the scene 
definition has the effect of spreading, theoretically, the 
influence of the scene intensities to all pixels covering 
the scene. In this way, every part of every object makes 
some contribution to each of the pixel intensities of the 
final image. 

Visibility 

A three-dimensional scene is usually defined within a 
computer as a collection of objects, each of which may 
be described as a series of points and lines, or possibly 
as a set of polygons. Each of these by itself is easy to 
display. Using the transformation, perspective, and 
clipping algorithms described earlier, asystem can plot 
these individual pieces on the display. However, in 
cases where there are a large number of objects, some 
may be positioned so as to obscure the eye point’s view 
of others. This is referred to as the hidden line or hidden 
surface problem, depending on whether the eventual 
end product is a line drawing or a shaded rendering of 
the scene. SAS - 


Solutions to this problem have typically required large 
amounts of computing time. Compared to the work 
involved in computing transformation, perspective and 
clipping algorithms, the hidden surface calculation is 
usually the dominant cost in such a program. The 
former:calculations depend only on an individual ob- 
ject, not on its relationship to the other objects in a 
scene. Thus the amount of work is roughly proportional 
to the number of objects within the scene. However, 
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hidden surface removal requires that each object be 
compared to every other object. 


The various surfaces of an object to be shown in hidden 
surface or hidden line form must be sorted to find which 
ones are visible at various places on the screen. Sur- 
faces may be sorted by lateral position in the picture 
(xy), by depth (2), or by other criteria. To reduce the 
amount of sorting, each hidden surface algorithm must 
use some property of coherence of the objects repre- 
sented. A picture is coherent not only because it 
consists of flat faces, but also because those faces 
relate to each other to form objects. A number of hidden 
surface algorithms have been developed by systemat- 
ically looking for additional kinds of coherence and by 
sorting orders and types. 


Hidden line or hidden surface removal algorithms have 
been separated into three categories. First, there are 
the algorithms operating in object space independent 
of the type of device used, whose different steps oper- 
ate directly on the vertices of the face. The object space 
of an image is the set of primitives such as lines, 
polygons and spheres that compose the scene to be 
depicted. The object space methods attempt to solve 
the problem geometrically in the three-dimensional 
space of the scene definition. 


The second category of algorithm assumes that the 
number of points composing the projection plane is 
finite and generally coincides with the raster display 
resolution. Image space of ascene, i. e., the set of raster 
elements (pixels) of the display, contains a fixed num- 
ber of elements equaling the resolution of the display. 
Image space algorithms are specifically designed for 
modern raster graphics image generation and are 
more popular and widely used than the object space 
algorithms. 


The last category, the so-called “list priority’ algo- 
rithms, are generally characterized by a sorting step in 
object space and a display in image space. The sim- 
plest and fastest hidden surface algorithm is known as 
the z buffer algorithm. Other examples are the polygon 
scan conversion algorithm and the divide and conquer 
algorithm. 


Z Buffer Algorithm and Hidden Surface Removal 


Hidden surface removal is possible with an image 
space algorithm called the z buffer algorithm. Of all the 
complex algorithms addressing hidden line and sur- 
face removal, none are as straightforward as this one 
because it maintains color as well as depth (z) informa- 
tion at each pixel. A refresh buffer stores intensity 
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values, and the z buffer array stores depth values 
corresponding to the pixels currently set. 


The z buffer must have the same dimensions as the 
display frame buffer. All locations in the z buffer are 
initialized to the value perceived by the viewer to be the 
farthest behind the screen, while the corresponding 
display pixels are set to the required background color. 
As each polygon is rasterized, the z values for the 
resulting pixels are compared individually with the 
previously stored z values. The new z value is written to 
the z buffer, and the new associated color is written to 
the frame buffer. If the new z value is larger (i.e., farther 
away), then neither buffer is modified. 


The obvious advantage of this algorithm is that it is 
computationally simple, and its performance is inde- 
pendent of the complexity of the scene in terms of 
visibility. Its running time is proportional to the number 
of polygons to be processed, and not to the relation- 
ship between the polygons. A disadvantage of the 
method is that it requires a large amount of memory to 
maintain the z buffer. For example, for a 512 by 512 
display, the z buffer size is a megabyte of memory if the 
z value precision of 16 to 20 bits would suffice. In any 
case, the relatively low cost of memory allows the 
realistic marketing of fast access z buffer hardware 
memory boards, which is perhaps the ideal solution. 


Scan Line and Area Subdivision Algorithms 


Scan line algorithms operate in image space to create 
an image one scan line at a time. This approach is an 
extension of the polygon scan conversion algorithm 
and thus uses scan line coherence and edge coher- 
ence. The difference between the two methods is that 
all the polygons that define an object are involved. The 
algorithm performs a y sort, and then an x sort, and 
finally a z depth search to establish the visible face. In 
the scan line method, the dimensions are first reduced 
to two at the intersection of the plane through the scan 
line, parallel to where the z axis intersects the scene, 
and then reduced to one by considering only the line 
segments on the plane with minimum z values. A z 
buffer based on polyhedral surfaces also makes use of 
depth coherence to improve speed of computation, 
whereas the scan line method is based on edge and 
scan line coherence. 


Another method, the area subdivision or divide and 
conquer algorithm departs from strategies used in 
other algorithms in that it is based on area coherence 
and solves the general sorting problem by attempting 
to avoid it altogether An area of the projection plane 
image is examined, and if it is easy to decide which 
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polygon or polygons are visible in the area, the appro- 
priate ones are displayed. Otherwise the area is subdi- 
vided into smaller areas: and the decision logic is 
recursively applied to each of the smaller areas. As the 
areas become smaller, fewer and fewer polygons will 
overlap, and ultimately a decision will be possible. 


This algorithm clearly takes an image space approach 
by exploiting area coherence, i.e., the tendency for at 
least the small areas of an image to be contained ina 
single polygon at most. Area coherence means that 
pixels close together are likely to correspond to the 
same object and have a similar color, which is the 
underlying assumption of the algorithm. This algorithm 
generally performs less efficiently than the scan line 
method, because it involves more work to sort things 
out when projections of polygons overlap. 


Shading 


After hidden surfaces have been removed, the next 
step in creating a realistic image is to shade the visible 
surfaces, taking into account the light source, surface 
characteristics, and positions and orientations of the 
surfaces and sources. Graphics system designers have 
been developing lighting and shading models for ren- 
dering graphics images at different levels of realism. 
This involves some understanding of the fundamental 
properties of the humam vision system. Unlike a pho- 
tograph of a real world scene, a computer-generated 
shaded picture is made from a numerical model stored 
in the computer as an objective model. The goal of the 
shading model is to provide realistic images of surfaces 
for which the illumination of a surface depends on its 
orientation. If it is normal to the incident light rays, the 
surface is brightly illuminated. The more oblique the 
surface is to the light rays, the less the illumination. 
This variation in illumination is a powerful cue to the 
three-dimensional structure of an object. It would be a 
waste of modern day computer graphics resources if 
color-generation techniques were not used to their full 
capacity. Shading is one of these techniques. 


Light Models 


In 1975, Bui-Tuong Phong proposed a light model for 
specular reflection that has since been termed Phong 
shading. This model specified how light reflects from 
glossy surfaces such as billiard balls, apples, china, 
and as an extreme, mirrors. Before this model, light was 
modeled on how it reflected from a perfectly diffused 
surface, i.e., one that reflects light equally in all direc- 
tions (figure 8). 
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Figure 8. Basic Lighting Model for Shading 
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When planar polygons are used to approximate curved 
surfaces, greater realism can be achieved by an inter- 
polation scheme introduced by Gouraud. This scheme 
is called Gouraud smooth shading, or intensity- 
interpolation shading. |n flat shading, a single intensity 
value for shading the entire polygon face is calculated, 
a single surface-normal vector is defined for each 
represented polygon, and each polygon is shaded with 
a single color. This is a reasonable approach to shading 
flat surfaces where the intensity of the light reflected 
from the surface is held constant over the entire sur- 
face. 


Gouraud shading provides smooth shading through a 
linear interpolation technique in which surface-normal 
vectors are computed at the vertices or corners of each 
face of a polyhedron. First, surface normals are calcu- 
lated. Subsequently, vertex normals are computed by 
averaging the surface normals of all the polygon faces 
common to the vertex. Each of these vertex normals are 
used to compute a vertex shade, and then the shade 
inside the particular polygon face is interpolated from 
the vertex shades. Each polygon is shaded along each 
edge and then between edges along each scan line. 


Phong shading is a complex algorithm that computes 
the intensity value of each pixel of a polygon face 
according to how that point is oriented to the light 
source(s). Phong’s was the first shading model to 
achieve realistic highlights using interpolation of sur- 
face normals and an approximation of specular reflec- 
tion. The Phong shading model entails interpolated 
surface-normal vectors across the polygon face—as 
opposed to Gouraud shading—and using the interpo- 
lated surface normal to calculate the intensity values 
for each pixel on the polygon surface. The intensity 
contribution for each light is modeled as the sum of 
diffuse and specular components. Because the Phong 
technique requires extensive computer power to exe- 
cute the complex calculations needed to shade each 
pixel of an object’s surface, it is usually performed only 
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On supercomputers or superminicomputers. Phong 
and Gouraud shading models also support the full 
range of lighting controls, including multiple, colored 
point, spot and directional light sources. The special 
advantage of these schemes is that they fit well with 
scan line algorithms for filling polygons. 


The Phong model yields a surface with a specific 
normal based solely on the curvature of the surface, 
which causes a shiny, plastic look. To make this surface 
appear more realistic, a textured surface must be 
mapped over the first surface. This technique is called 
procedural textured mapping and provides a means of 
defining constant, matte, metal and plastic surfaces. 


Ray Casting and Ray Tracing 


Ray tracing algorithms simulate the interaction of light 
with the environment, simply determining such optical 
effects as reflection, refraction, and shadowing. Ray 
tracing is a computer graphics technique in which the 
path of all the individual light rays contributing to the 
image are traced explicitly. These techniques are direct 
and somewhat brute force methods for solving the 
visibility problem. Nevertheless, ray tracing algorithms 
have produced some of the most spectacular results in 
graphics images. Many visual and lighting effects such 
as refraction and reflection, motion blur, depth-of-field, 
penumbrae, and nonuniform interradiation can be 
modeled with ray tracing. Despite its simplicity and 
robustness, ray tracing is seldom used in practical 
applications because of its high computational re- 
quirements. 


The idea of ray casting is a very simple one: for each 
pixel, trace aray from the eye position (in image space) 
through the pixel and find the intersections with all the 
objects in the scene. The intersection having the small- 
est z value determines the color of the pixel. Ray tracing 
is more complex, because once the first intersection is 
found, the ray is reflected off the object surface and 
traced back farther—and so on recursively—until it 
passes out of the scene or is traced to one of the 
original light sources. Similarly, if the surface is trans- 
parent, then an additional ray is refracted through the 
surface and traced. In this way, a number of features 
that are extremely difficult to implement in other meth- 
ods can be easily introduced into the rendering. Prob- 
lems with visibility and transparency, as well as with 
shadows and the reflection of objects on each other, 
can be easily solved. 


The fundamental idea is to trace light rays and to 
determine which one ends up at the view point. Unfor- 
tunately, an infinite number of rays emanate from each 
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point light source, and most of them never reach the 
view point. Thus, the tracing starts at the view point and 
traces rays backward through each pixel to their origin. 
A ray of light striking the surface of an object breaks 
into three parts: diffusely reflected light, specularly 
reflected light, and transmitted light. Similarly, a ray of 
light leaving the surface of an object is in general the 
sum of contributions of the three sources. This means 
that each time a ray leaves an object, up to three new 
rays should be traced. 


Figure 9 shows the tree grown in the process of tracing 
a particular ray backward. S, is the light ray that comes 
into surface 1 at such an angle that it is specularly 
reflected and leaves as part of the outgoing ray. Simi- 
larly, T, is the light ray incident on surface 1 such that it 
is transmitted and leaves as part of the outgoing ray. 
Each node of the tree corresponds to a surface. After 
the tree is completely grown, the intensities at each leaf 
node are computed and then used to compute the 
intensity at the parent node, until the root node is 
reached. 
Figure 9. Tree Grown From Tracing a Single 
Ray to Viewer 
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An infinite number of rays could be traced backward, 
but only those rays passing through the view point and 
the corner of the pixels are actually traced. T;’s permit 
anti-aliasing to be performed, because the intensities 
can be averaged to calculate the intensity of the pixel. 
If the four rays through the corners of a pixel subtend a 
volume in space that contains a lot of fine detail, the 
pixel is subdivided and additional rays are traced to 
help the anti-aliasing process. As ray tracing is devel- 
oped further, speed increases will undoubtedly come 
from the application of coherence or other properties 
of the objects being displayed. Ray tracing also lends 
itself to parallel processing, because rays can be 
traced independently of one another. VLS! implemen- 
tations may therefore be expected. 
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Surface Detail 


The shading algorithms described to this point all 
produce very smooth and uniform surfaces. In the real 
world, most surfaces have details of color and texture. 
Texture mapping is one of the most common tech- 
niques used to model surface patterns. The patterns 
are mapped onto the object surface or modeled on the 
surface patch itself. Color detail is applied to a smooth 
surface without appearing to change its geometry, 
while texture details give the appearance of roughness. 
Perturbing the surface normal will produce bumpy 
surfaces, brushed copper, and so forth. A wood grain 
or marble surface could also be achieved by applying a 
real-world image to a geometrically defined curved 
surface. 


Although this method works well with smooth surfaces, 
it does not work well with terrains, coastlines, and 
jagged mountains, which require a fractal surface 
method. Hidden surfaces are removed, and an appro- 
priate shading model applied. 


Procedural definitions of textures, light sources, vol- 
umes, and atmospheres are collectively called ‘“‘shad- 
ers.” There are predefined lighting shaders for ambient, 
distant and point light sources, as well as for spotlights. 
Atmosphere shaders include depth cue and fog. Vol- 
ume shaders describe volumes through which light 
passes and is refracted and attenuated. Atmosphere 
shaders are based on the principle that light is attenu- 
ated over distance, be it through clear or foggy air, and 
that such attenuation gives the eye a cue to spatial 
relationships. The syntax of these predefined shaders 
can be used to define custom shaders of all kinds. 
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Introduction 


Today’s RISC microprocessor architectures offer a 
promise of high performance systems able to execute 
an instruction in one system clock cycle, which means 
the challenge for a system designer is to design a 
memory system that can support high CPU throughput 
requirements. Common elements of these VLSI designs 
include on-chip subsystems such as floating point units 
and/or cache memory. 


Although the size of an on-chip cache is typically small 
(4 to 8 Kb) to minimize chip size and optimize cost, the 
system may also require an external, second-level 
cache that is much larger (256 Kb to 1 Mb) and can 
interface to a high performance system bus. If the CPU 
executes an instruction that isn’t stored in the cache, 
the cache must access main memory and fetch an 
instruction for the processor. Even though a cache is 
designed to sustain a high hit rate, a percentage of the 
CPU’s read cycles and all writes cycles must access 
main memory, making it essential that data transfer 
cycles be executed so that latency of the system bus is 
minimized. System bus latency may increase dramati- 
cally in a multiprocessor system and can be the critical 
issue in determining system performance. 


This application note will discuss quantitative mea- 
sures of memory performance, as well as a number of 
design techniques for optimizing performance in to- 
day’s system environment. 


Hierarchical Systems 


Bottlenecks in most Von Neumann architectures have 
traditionally occurred because a processor could only 
read a single word from memory during each access 
cycle, and to be able to match processor cycle time, a 
system would have to use very high-speed devices that 
in most cases could not be justified in terms of cost. 
The classical solution has been to configure a hierar- 
chical or multilevel structure containing several types 
of memory devices with various cost and performance 
characteristics. 


Performance can be affected by such interrelated fac- 
tors as program behavior with respect to memory 
references, access times and sizes of each level, gran- 
ularity of information transfer, memory management 
policies, and the processor-to-memory interconnec- 
tion network. One measure of performance is called 
effective access time, which is the sum of average 
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access times at each level of the hierarchy. Another 
quantitative measure is bandwidth, which refers to the 
number of bits that can be accessed per second. To 
increase bandwidth, a system designer may choose to 
reduce cycle time, increase word size by accessing 
more bits per cycle, or replicate the memory banks and 
access two or more concurrently. 


Properties of Program Locality 


The majority of computer systems developed today are 
based on properties of program locality that reveal a 
strong tendency for accesses to be clustered in small 
regions of memory during any short period of time. 
Program locality has two aspects, temporal and spa- 
tial. The first, locality of time, means that information 
that will be in use in the near future is likely to be in use 
already. This type of behavior can be expected from 
program loops in which both the data and instructions 
are reused. The second property, locality of space, 
means that portions of the address space which are in 
use generally consist of a fairly small number of indi- 
vidual contiguous segments of that address space. 
Locality of space means that the program’s loci of 
reference in the near future are likely to be near the 
current loci of reference. This theory is based on com- 
mon patterns of behavior: related data items (e.g., 
variable arrays) are usually stored together and in- 
structions are mostly executed sequentially. 


The characteristics of temporal locality have shown a 
strong tendency for program references to be grouped 
in time, and in fact were responsible for the invention of 
virtual memory and the subsequent design of high- 
speed caches, both of which exploit the properties of 
locality by storing a copy of the program in atemporary 
segment of memory. Virtual memory increases the size 
of the system by segmenting the program into pages 
that are individually loaded from magnetic secondary 
memory into main memory. A cache optimizes CPU 
throughput by also storing a segment of the program in 
a buffer that matches the speed of the processor. 


Optimizing the Hierarchy 


Once program behavior is understood, main memory 
can be structured to optimize processor performance. 
As discussed earlier, effective access time is the sum of 
the average access time in each of the levels of the 
hierarchy, defined as 


terr = 2 tk 
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where tere is effective access time from the processor 
to the ith level of the hierarchy, and t, is the individual 
average access time at each level, where K = 7 toi. 
Generally, tx includes not only the wait time caused by 
memory conflicts at level K, but also the delay in the 
switching network between levels K — 7 and K. The 
degree of conflicts is usually a function of the number 
of processors, the number of memory modules, and the 
interconnection network between the processors and 
modules. 


In modeling the performance of a hierarchy, it is often 
assumed that the probability of finding requested infor- 
mation in the memory of a given level is characterized 
by a success function or hit ratio A. In general, A 
depends on the granularity of information transfer, the 
capacity of memory at that level, the management 
strategy, and other factors. However, for some class of 
management policies, it has been found that His most 
sensitive to memory size. Because copies of informa- 
tion at the highest hierarchical level are assumed to 
exist in levels below that level, the probability of finding 
the data at the higher levels is f= 7- h, where fis the 
miss ratio. Therefore in a two-level system, effective 
access time would be equal to 


terr = Ntky + (1-h) tke 


where tx; = tacc at level 1 and tke = tacc at level 2. If 
the hierarchy consists of one level of infinite size (an 
expensive option for most applications), the probabil- 
ity of accessing this data at level one is 100% (hit ratio 
= 1). Memory size greatly impacts the probability of 
finding data at a given level, which is why the probabil- 
ities at each level are expressed in terms of hit and miss 
ratios. For example, effective access time for a two-level 
hierarchy would be expressed as follows: 


terr = Ntky + (1-h) tke 


If the hit ratio at level one is 0.99, then the probability of 
finding the data at level two, or the miss ratio at level 
two, would be 1 — 0.99 = 0.01. Effective access time 
then would be 


terr = (0.99) tky + (0.01) tro 


Hit ratio is crucial to system performance. For example, 
if the memory at level two is ten times slower than the 
memory at level one, the hit ratio decreases from 0.99 
to 0.98 (roughly 1% fewer hits) and results in an increase 
in tegre Of roughly 10%. Small changes in hit ratio affect 
effective cycle time of the overall system, making terr 
very sensitive to hit ratio. A decrease of 10% in hit ratio 
(from 0.99 to 0.89) almost doubles the effective cycle 
time and divides net performance in half when the cycle 
time ratio is 10. If the cycle time ratio is 20, that same 
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10% decrease increases effective cycle time by almosta 
factor of 4. Hit ratio should be as high as possible; in 
many cases, techniques resulting in marginal 1% to 2% 
improvements may yield substantial performance im- 
provements. : 


Avery large structure in only one level is too expensive 
for most systems, and a multilevel structure is the only 
configuration that makes sense in terms of cost and 
performance objectives. Therefore, the goal is to struc- 
ture the hierarchy so that the highest performance is 
available for the least cost. Because hit ratio is a 
function of the memory size at each level, the implica- 
tion is that the larger the memory at a given level, the 
higher the hit rate at that level. 


Optimizing the Cache 


The other variable in the terr equation is average 
access time (t,) at each level. The hierarchical level 
closest to the processor should have access times 
equal to the processor’s cycle time, as well as capacity 
large enough to maintain a high hit rate. The classical 
solution has been to design this level as a cache, which 
is a high-speed buffer typically located between the 
processor and main memory that provides data to the 
processor without any wait intervals. Success of the 
cache is attributed to the properties of program local- 
ity and is measured by cache hit ratio, as well as by 
placement algorithm (degree of associativity), block 
size, ability to perform during a miss, write cycles, and 
data consistency in multiprocessor or multicache sys- 
tems. 


A cache operation starts when the processor executes 
a read cycle and outputs a physical address to the 
memory system. The physical address is separated 
into two fields, the address tag field and the set select 
field. The cache latches the address, and the set field in 
the physical address selects a set inthe cache directory 
or address tag memory. The address tag from the cache 
directory is compared to the physical address tag from 
the CPU. If they’re the same, a hit occurs and the data is 
read from the selected block. If the address tags are not 
the same, a miss occurs and the data has to be fetched 
from main memory, which means the CPU must wait 
until the data is read. New data with a new address tag 
is stored in the cache. 


Cache performance is determined by hit ratio, a func- 
tion of the design that includes the size of the cache, the 
degree of associativity used to search the cache direc- 
tory (placement algorithm), the size of its data block, 
and the replacement algorithm used in a miss cycle. 
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Although a larger cache can be effective in sustaining a 
high hit rate, its benefits are diminished by higher 
costs. 


The same relationship regarding effective access for a 
two-level hierarchy is valid for atwo-level system with a 
cache in the first level. The cache’s hit rate can be 
optimized not only by increasing the size of the cache, 
but also by optimizing its placement algorithm, block 
size, and replacement algorithm. With an optimized 
architecture, the hit rate should be above 90%. 


Effective access time in a two-level hierarchy, with the 
cache in the first level and main memory in the second 
level, is calculated as the sum of the hit rate and cache 
access time in the first level and the miss rate multiplied 
by the access time of main memory in the second level. 
For acache with aread cycle time of 60 ns and a hit ratio 
of 95%, and a main memory read cycle time of 250 ns 
and a miss rate of 5%, effective access would be 
determined as followed: 


a = (NcacHe) (tcacHe) + (1 — Hcacue) (tain MEM- 
ORY 


ter = (0.95) (60) + (0.05) (250) = 59+ 125= 71.5ns 


Effective access time must also include the effect of a 
write cycle on system performance. To determine this 
effect, the ratio of read and write cycles must be 
determined by analyzing the program address charac- 
teristics. The ratio between read and write cycles is 
typically 85% to 15% in general-purpose computer 
environments, but it may change to 50%-50% in scien- 
tific and other computation-based environments. The 
equation would have to be expanded as follows: 


terr = R [(Ncache) (tcacHe) + (1 - Ncacue) (tMain 
MEMORY)] + W (twcyc) 


Figure 1. 
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where Ais the fraction of cycles that are read cycles, W 
is the fraction of cycles that are write cycles, andtwceyc 
equals write cycle time. If R = 0.85, W = 0.15, and 
twceyc = 250ns, total effective access time would be 
equal to 


terr = 0.85 [(0.95) (60) + (0.05) (250)] + 0.15 (250) = 
96.57 ns 


The span of a write cycle does not reflect hit rate. A 
larger percentage of write cycles will increase te¢r. For 
example, if Rand Wwere equal at 50%, then terr would 
increase as follows: 


terr = 0.50 [(0.95) (60) + (0.05) (250)] + 0.50 (250) = 
159.75 ns 


Most program workloads generally have a higher ratio 
of read cycles to write cycles, allowing the cache to 
optimize read operation as well as system perfor- 
mance. The main concern with write cycles is that the 
CPU has to wait for the entire transfer cycle between 
cache and main memory (> 250 ns) before proceeding 
to the next instruction. If the cache were able to buffer 
write data, write cycle time could be reduced to the 
write access time and the processor wouldn't have to 
wait for access into main memory and could proceed to 
the next instruction. Meanwhile the cache could con- 
currently execute a write cycle into main memory 
(figure 1). In this case, twcoyc would equal the 60 ns 
access time of the cache and not the 250 ns access time 
of main memory. The equation for terr in a buffered 
write cycle is calculated as follows: 


terr = 0.85 [(0.95) (60)] + 0.15 (60) = 57.45ns 
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The disadvantage of a buffered write cycle is that the 
circuitry required to control the concurrent CPU and 
main memory write cycles would have to be more 
complex. 


Optimizing the Miss Cycle 


The block size of a cache is the parameter, together 
with the overall size of the cache itself, that most 
strongly affects cache performance and also overall 
system performance. When the data the processor is 
addressing is not in the cache, the cache executes a 
miss cycle to access main memory and fetch the 
missed data to the cache and the CPU. Enlarging block 
size can decrease the miss ratio and thereby increase 
the storage delay component of an average instruc- 
tion, but the longer transfer time required may cause 
problems in multiprocessor eyeteie because of higher 
levels of traffic. 


A number of design tradeoffs influence block size. For 
example, architecture of the bus between a cache and 
main memory plays an important role. A bus protocol 
that requires an address with each data transfer may 
force the block size to be one word, because multiple 
word transfers would be very inefficient. Conversely, if 
one address can fetch several words of data, then a 
larger block size would be advantageous. Devices with 
the ability to transfer bursts of data are becoming 
popular in a number of microprocessor systems and, 
together with nibble mode DRAMs, can be imple- 
mented to increase memory bus bandwidth. Increasing 
the width of the bus is another technique that can 
increase system bandwidth. 


In large mainframe systems, block size can reflect the 
wider bus size and also take advantage of the degree of 
memory interleaving. Interleaving increases memory 
bandwidth by enabling data to be accessed from a 
number of memory banks concurrently, eliminating the 
delay required while individual banks are accessed 
separately. In multiprocessor systems, a large block 
size will increase the cache miss data transfer time, 
increasing the system bus I/O latency and decreasing 
the system bus bandwidth. 


A larger block size generally increases cache perfor- 
mance, but doesn’t necessarily improve system perfor- 
mance. Cache features such as burst data transfers, 
prefetching, fetch bypass and wraparound load cycles 
can be added as necessary. 


During a miss cycle, the cache accesses main memory 
and reads the missed block. If the missed word is 
loaded directly into the cache before the CPU can fetch 
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the data, access time of the miss cycle will equal the 
sum of the access time from main memory and the 
delay required for the missed word to be written and 
read from the cache. The fetch bypass and wraparound 
load functions minimize this time by initially bypassing 
the cache and allowing the CPU to directly fetch the 
missed word from the fetch bypass buffer, which is 
loaded with the missed word as soon as it is fetched 
from main memory (figure 1). The CPU can fetch and 
execute the missed word from the fetch bypass buffer 
and then proceed to the next address without having to 
wait for the cache to be updated. The missed data 
block is concurrently loaded into the wraparound load 
buffer; after the entire block is fetched from main 
memory, the cache is updated. If the CPU attempts to 
fetch the next word in the block before the block is 
loaded into memory, the CPU may be required to wait 
for the memory to be updated or, if an additional 
function exists in the block load buffer, to directly 
access the next word from the block load buffer. 


The effective access time of the miss cycle can be 
minimized by reducing the amount of data required to 
execute a cache miss cycle. This can be accomplished 
by employing a data transfer mode, called burst data 
transfer, that requires a single address for each 16 
bytes of data rather than separate addresses for each 4 
bytes of data. Burst data transfers are implemented in 
high performance microprocessors such as Intel’s 
80486, Motorola’s 68040, and NEC’s V80™. Burst mode 
allows a 16-byte cache block to be transferred during a 
cache miss, minimizing the cache miss data transfer 
time and increasing system bus bandwidth. 


Optimizing the Transfer Cycle 


As discussed above, during a miss cycle, the missed 
data is fetched from main memory. The cache block is 
the data element used to transfer the data between 
main memory and the cache. The size of the cache data 
block can be one word, but typically it is more than one 
word (figure 2). It has been determined that the cache 
hit rate increases as a function of cache block size and 
is generally dependent on the properties of program 
locality, which are enhanced by fetching a large number 
of consecutive instructions. However, a very large 
block size increases the time required to transfer the 
data over the system bus, decreasing the system bus 
bandwidth and increasing bus latency. Therefore, the 
choice of block size is a tradeoff between maintaining 
the cache hit rate and maximizing the system bus 
bandwidth. 
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Figure 2. 





Burst Mode. A 16-byte block size has been imple- 
mented in a number of RISC/CISC architectures. This 
block size is a good compromise between maintaining 
a high hit rate and minimizing the bus latency during a 
cache miss cycle. This 16-byte block transfer is called 
burst mode data transfer and it requires only one 
address for each 16-byte data transfer. By allowing four 
consecutive words to be accessed with one address, 
this feature decreases data transfer time and maxi- 
mizes system bandwidth. 


Although its primary advantage is being able to mini- 
mize bus latency and sustain a high hit rate, burst 
mode would be useless if it could not easily be sup- 
ported by the interface circuit for main memory. Fortu- 
nately, burst mode is designed to be used with DRAMs 
offering a nibble mode, whereby four consecutive bits 
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can be accessed in a single cycle. In a standard DRAM 
read cycle, each cycle requires a address that must 
satisfy the specifications for RAS access (tras) and 
precharging (trp), calculated as follows: 


TOTAL CYCLE TIME = (trasi + trp1) + (tras2 + trp) 
+ (trass + tarps) + (trasa + trpa) 
The separate address and precharge time represents a 


significant amount of overhead to complete the mem- 
ory access. 


Nibble mode DRAMs provide additional on-chip cir- 
cuitry that minimizes total cycle time by eliminating the 
requirement for precharge between consecutive mem- 
ory accesses. The nibble mode cycle time is given as 
follows: 


TOTAL NIBBLE MODE CYCLE TIME = tras: + trase + 
trass + tras4 + tren 


3-371 





High Performance Memory Systems 


NEC 





Four consecutive data bits are accessed by a single 
address and loaded into an on-chip shift register that is 
clocked by CAS. The precharge cycle is delayed until 
after the bits are valid to prevent the timing skew that 
usually occurs between each memory cycle (figure 3). 


Burst mode data transfers are intended to be imple- 
mented with nibble mode DRAMs in main memory. 
Although nibble mode DRAMs provide the simplest 
interface for burst mode data transfers, other DRAM 
operating modes such as fast-page and static-column 
modes can be used. These DRAM operating modes 
also reduce DRAM effective access time and require 
additional external circuitry for implementation. 


Fast-page and static-column DRAMs differ from nibble 
mode DRAMs in that they require anew column address 
and can access a total of 512 data bits in a single cycle. 
Most often they are required in computer graphics 
applications or in direct memory access (DMA) I/O 
cycles. 


Future Enhancements. Among the features proposed 
for future generations of DRAMs is a feature called 
gated RAS precharge, which minimizes DRAM access 
time by eliminating one of the RAS transition times. Ina 
standard DRAM cycle, cycle time is defined as follows: 


tac = tt + tras + tte + trp 

where tr; and tr2 are RAS transition times, tras is RAS 
cycle time, and trap is RAS precharge time. Minimum 
cycle time cannot be achieved in a system because of 
a mininum and maximum skew in the logic generating 
the edges of the RAS signal (figure 4). The gated RAS 
precharge feature removes both tr and the timing 
skew from the minimum cycle time, as follows: 


Figure 3. Types of Data Transfer Cycles 


tac = tr1 + tras + trp 


Unlike a standard DRAM, this feature allows RAS to go 
inactive anytime after CAS is asserted. For a minimum 
cycle, RAS can go inactive prior to the minimum time for 
tras, allowing internal timing to place the device into 
precharge. 


Another proposed DRAM enhancement is extended 
fast-page data output, which would permit system-level 
page cycle times to approach those permitted by the 
specification for memory data. Currently, data output 
is sampled after a specified access time and after an 
additional lapse caused by a skew in the system logic 
has expired. CAS is not permitted to go inactive until 
after the setup and hold times of the devices are 
satisfied. Using an extended data output feature, data 
output would remain valid after CAS goes inactive if 
RAS is also active. Data output can then be sampled by 
the same signal used to turn off CAS. When CAS goes 
inactive again, the data output changes from the previ- 
ous data to that of the currently accessed location. If 
the previous and current data are the same, there will 
be no discharging or precharging of the memory bus. 
The outputs will be three-state when both RAS and CAS 
are inactive (figure 5). The elimination of the additional 
timing skew will improve effective cycle time and sim- 
plify the complexity of the control logic.Both of these 
proposed enhancements offer solutions that minimize 
the effective memory cycle by eliminating timing skews 
inherent to standard DRAM designs. Unfortunately, the 
precharge time remains an inherent disadvantage, be- 
Cause consecutive accesses to the memory module 
will always have a timing skew (trp). 


Typical Data Transfer 


Burst Mode Data Transfer 
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Figure 4. Gated Precharge 
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Interleaving 


In a two-level hierarchy, memory bandwidth in the first 
level can be optimized by means of a cache that 
matches the CPU’s read cycle time. For cache misses 
and write cycles, the cache-to-main memory band- 
width can be maximized by means of burst mode data 
transfers and standard DRAMs with special operating 
modes. 


Interleaving optimizes effective access when more than 
one row of data needs to be accessed at the same time. 
Fast-page cycles are a means of reducing access time 
for bits located in the same row of the memory array, 
but they are inefficient for handling the consecutive 
access of data residing in different row addresses. To 
fetch diagonal elements in the matrix, the system 
needs to concurrently access row 1 and column 1, row 
2 and column 2, etc. Page cycles can’t be used in this 
scheme because a new row must be accessed for each 
data element. 


A memory system organized to distribute the address 
to several banks simultaneously is said to be inter- 
leaved. The interleaving of addresses among M mod- 
ules is called M-way interleaving and allows consecu- 
tive access to M memory banks. In_ high-order 
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interleaving, the addresses are distributed so that the 
memory modules contain consecutive addresses. 
High-order bits are used to select the module while the 
low-order bits are used to select the address within the 
module. A second method, called low-order interleav- 
ing, distributes the address so that consecutive ad- 
dresses are located within consecutive modules. The 
low-order bits of the address select the module, while 
the remaining bits select the address within the module. 


In a low-order interleaved system, the memory is orga- 
nized into banks with each bank providing data bits 
equal to the width of the CPU memory bus. An address 
is latched by the memory circuit and the low-order bits 
are decoded to determine the number of banks to be 
accessed (figure 6). If four banks are accessed, they are 
said to be four-way interleaved. 


A memory controller circuit initially generates the 
control signals for the accessing of bank 1. The data for 
access 1 will be valid after the specified time for tras 
has elapsed, after which the accessed bank will be 
precharged. Control signals are simultaneously being 
generated for bank 2, and they may be skewed by a 
system clock to accommodate data access for the 
second fetch from the CPU. Data from bank 2 becomes 
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valid immediately after the data from bank 1 becomes 
valid, and no timing skew exists for precharging in the 
data stream. A precharge cycle for bank 2 is executed 
while the access to bank 3 is initiated. Data is read from 
bank 3 immediately after the data from bank 2 is read. 
Bank 3 executes the precharge while bank 4 accesses 
data for the cycle immediately following the bank 3 
access. Finally, bank 4 executes the precharge cycle to 
end the interleaving. This scheme eliminates the pre- 
charge timing skew and maximizes memory bus band- 
width, but at the cost of amore complex control circuit. 


Another scheme uses low-order interleaving and ap- 
plies the high-order bits of the address to all memory 
modules simultaneously in one access (figure 7). The 
single access returns M consecutive words of informa- 
tion from the M memory modules and accesses infor- 
mation from a particular module using the low-order 
bits. A data latch is associated with each module, the 
information from each module is gated into a latch ina 


Figure 5. Extended Data Output 
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fetch cycle, whereupon a multiplexer can be used to 
direct the desired data to the data bus. Figure 7 illus- 
trates timing for a multiword read access using this 
method, which is ideal for accessing a vector of data 
elements or for prefetching sequential instructions ina 
pipeline processor. It can also be used to access a block 
of information for a pipeline processor with a cache. 
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Figure 6. Low-Order Interleaving with Concurrent Access 
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Figure 7. Low-Order Interleaving with Simultaneous Access 
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Introduction 


The objective of a memory system is to match the 
operating speed of a processor with the rate of infor- 
mation transfer A CPU is usually about a thousand 
times faster than the average access time of amemory 
system, and the high cost of implementing a system 
with enough speed to accommodate this performance 
gap would be out of reach. To be able to meet cost and 
performance goals, a multilevel or hierarchical system 
encompassing a mix of memory devices must be im- 
plemented. 


In most of these systems, the top !evel will have the 
highest performance and lowest level the slowest. 
Alternatively, the highest level is usually the most ex- 
pensive and has the smallest density and the lowest 
level is the least expensive and has the highest density. 
Hierarchies are typically structured so that devices at 
level j are higher than those at level / + 7. If C;, T;, and 
Sj, respectively, are the cost per byte, the average 
access time, and the total memory size at level /, then 
the following relationships normally would hold be- 
tween level jand i + 7: 


CO, > Cj + 1,7) < Ty + 1, and $< $+ 1for/= 1 


Memory hierarchy can be classified into primary and 
secondary devices, depending on access times. In a 
typical hierarchy, the top level may consist of fast static 
RAMs with access times of less than 35ns. These 
devices have been produced in x1, x4 and x8 organiza- 
tions, and in some cases need a very low current to 
retain data during power failures. The next level is 
classified as main memory and consists of dynamic 
RAMs with access times between 80 and 120ns. Sec- 
ondary memory may consist of several levels of rotat- 
ing drum or fixed-head magnetic disks with average 
times taken from the sum of rotational latency and 
transfer time, most likely a few milliseconds for blocks 
or sectors of between 1 and 4 Kbytes. Their capacity is 
in the Mbyte range and reflect a price equaling a few 
hundredths of a cent per bit. These devices are usually 
connected to the primary memory on a shared bus. 
Finally, the lowest level consists of removable magnetic 
tape for offline storage in a data archive. 


A performance gap traditionally has existed between 
primary and secondary memories. The magnetic bub- 
bles and charge-coupled devices developed to fill this 
gap did not find wide acceptance in most memory 
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system applications, and contemporary designs are 
now using low-power, solid-state devices such as 
NEC’s uPD42601 silicon file. 


The goal of a system designer is to optimize the 
memory hierarchy so that system performance ap- 
proaches that of the highest level of memory and cost 
approaches the cost of the cheapest memory. Perfor- 
mance depends on a number of interrelated factors, 
including program behavior with respect to memory 
references, access time and memory size of each level, 
granularity of information transfer (size of the data field 
or block), and management policies. One other impor- 
tant factor is the design of the processor-memory 
interconnection network. 


Hierarchical performance can be measured by effec- 
tive access time from the processor to the lowest level 
of the hierarchy, ie, the sum of individual average 
access times of each of the memory levels. Effective 
access time generally includes the wait time caused by 
memory conflicts at a particular level, as well as delays 
in the switching network between one level and the 
next. The degree of conflict is usually a function of the 
number of processors, the number of memory mod- 
ules, and the interconnection network between the 
processors and memory modules. 


Connections between hierarchical levels are character- 
ized by their transfer rates, or bandwidth, ie. the 
number of bits per second that can be accessed. For 
example, if a memory system has a cycle time of 500 ns 
and is able to access 32 bits (4 bytes) per cycle, its 
bandwidth is 64 Mbits (8 Mbytes). To increase band- 
width, a designer might choose to reduce the cycle 
time, increase word size of the memory, or access the 
memory modules in parallel. Each would have a differ- 
ent impact on system architecture and cost. 


Although the best possible design depends on work- 
load and the available technology, there is no one 
formula for creating an optimal generic design. When 
considering a traditional von Neumann architecture, a 
single memory module of conventional design can 
access no more than one word during each clock cycle. 
With this fundamental constraint, the designer must 
rely on technological advances to be able to improve 
computer system performance. 
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HIERARCHICAL CLASSIFICATIONS 
High-Speed Static RAMs at Level 1 


Although the highest hierarchical level contains mem- 
ory capable of matching the cycle time of the CPU, 
Capacity of these devices typically will be determined 
by the cost and performance goals of the system. 
Static RAM traditionally has been used in this level 
because of its performance capabilities and ease of 
use. An SRAM is basically a stable dc flip-flop requiring 
no clocks or refreshing, which means its storage ele- 
ment retains data as power is applied. Fast access 
times, a parallel address structure, and the absence of 
Strict timing requirements have made these devices 
very attractive in cache and small system designs. 


SRAMs have been developed with technologies such as 
Bipolar, CMOS and BiCMOS, resulting in a number of 
products with different access times and organiza- 
tions. Some of the most common configurations are 
32K x 8, 64K x 4 and 256K x 1, 1M x 1 and 256K x 4, as 
reflected in NEC’s uPD43256A, uPD43254, uPD46251, 
PD431001 and uPD431004 devices, respectively. In the 
small system market, where low cost rather than high 
performance is the primary objective, byte-wide SRAMs 
with access times similar to DRAMs or EPROMs are 
required. Alternatively, cache memory design requires 
very fast access time, high density, and x1 or x4 orga- 
nizations with high performance and advanced SRAM 
technology. 


Some SRAMs have the ability to retain data when 
system power has failed or is shut down. !n this case, 
the SRAM is usually designated as a low-power device 
(-LL version) whose data retention current can be as 
low as 10 ZA and whose backup power is supplied by a 
battery backup circuit. This feature is attractive in small 
laptop systems and in instrumentation applications 
where low power is a primary concern. 


The byte-wide SRAM such as NEC’s 32K x 8-bit 
UPD43256A has access times in the range of 85 to 
150 ns, 28-pin DIP packaging (600 mil wide), and access 
time compatibility with EPROMs (figure 1). However, a 
600-mil device requires a substantial amount of board 
space (figure 1), and thus the part is also offered in a 
28-pin plastic miniflat package for higher density, 
surface-mounted printed circuit board applications 
(figure 2). 


Ax1 SRAM is often used for large, high-speed memory 
circuits where fast access time and high-density chip 
layouts are required. Having only one data bit per 
SRAM chip reduces the pin count and allows use of an 
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Figure 1. 28-Pin Plastic DIP (600 mil) 
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18- or 22-pin package that significantly reduces board 
space. High-speed static RAMs are available in x1, x4, 
and x8 configurations with access times ranging from 
15 to 80 ns. A typical application for these devices is as 
data and address tag memories in cache subsystems 
whose access times must equal processor access 
times. 


One advantage of using an SRAM is its ability to 
interface to a memory bus. The uPD43256A, for exam- 
ple, has 15 address lines, 8 common input/output sig- 
nals, an output enable (OE) pin, awrite enable (WE) pin, 
and power and ground pins (figure 3). A chip select 
(CS) pin controls operation of the device. When CS is 
high, the device is in standby and power consumption 
is greatly reduced. A designer can minimize total power 
supply current by enabling only the accessed devices 
in standby. 


NEC 


Figure 3. Block Diagram of nPD43256A 
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The OE pin controls the three-state output drivers 
during a read cycle and can only be active when CS is 
asserted. Write cycles are controlled by WE. When CS 
and WE are asserted low, data on the common //O pins 
is written into the memory cells and the output data 
drivers are disabled to prevent a possible bus fight. 


The separation of the chip select function into two 
components, OE and CE, has several timing implica- 
tions. The access times from chip select (tacs) and 
address valid (taa) are the same in the uPD43256A, 
85 ns, but typically an SRAM design requires that the 
address be decoded before the chip can be selected. 
This decoding function requires an additional delay, 
making the effective address time the sum of the worst 
case propagation delay of the address decoder 
(74LS138) and the chip select address access time 
(tacs). Alternatively, since the output enable time (tog) 
of 40 ns is less than the access time, the effective 
access time can be optimized by concurrently access- 
ing the SRAM with a valid address and controlling the 
OE pin with a read signal and the output of the address 
decoder. The disadvantage of this scheme is that the 
CS pin is always asserted, causing the SRAM to always 
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be active. For circuits with only afew SRAM devices, the 
power considerations are not important. In cases 
where a lot of SRAMs are being used, power require- 
ments may necessitate that CS be asserted to control 
the active and standby current. 
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Dynamic RAMs at Level 2 


‘Data in an SRAM cell will remain valid as long as power 


is applied to the chip, because data is stored as a 1 or 
0 in a flip-flop circuit consisting of four or six transis- 
tors. This approach allows for simplified operation, 
although the relatively large memory cell requires a 
large die. A dynamic RAM, on the other hand, stores 
data in the charge on a capacitor rather than in a 
flip-flop, thereby reducing the area required for each 
cell. And since die size has a direct bearing on the cost 
of a chip, a denser DRAM circuit will have a lower cost 
per bit. 


Using a capacitor to store memory data means that 
more complex circuitry is required, as well as sophisti- 
cated techniques to sense the charge on the storage 
capacitor Because of leakage current, a method of 
periodically refreshing the charge on the capacitor is 
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also required. Since DRAMs are traditionally used in 
large systems where tens or hundreds of memory chips 
are needed, the more complex interface circuitry can 
be absorbed into the cost of the memory circuit. 


In a hierarchy, DRAMs are used in the larger, slower 
main level. It is this level that degrades effective access 
time and system performance. When the smaller cache 
does not have the data requested by the processor, the 
cache executes a replacement cycle to read the data 


from main memory and fetch it for the processor. . 


Because the access time of main memory is in the 
range of 80 to 120 ns, the CPU must go into a wait state 
while the data is being read. In fact, high performance 
20 to 33 MHz microprocessors require at least one wait 
state to access a DRAM circuit, requiring in the top level 
of the hierarchy a high performance cache able to 
match CPU cycle time. 


Figure 4. 


Fast-Page Early Write Cycle 
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DRAM performance can be enhanced with a number of 
Circuit design techniques, as well as with a number of 
on-chip operating features that help to optimize band- 
width. Most contemporary 1M DRAMs are manufac- 
tured with extended features such as fast-page cycles 
that allow several locations within a row of memory to 
be accessed without repeating the row address, 
thereby reducing cycle time (figure 4). DRAMs designed 
with a nibble mode are able to read four successive bits 
by simply pulsing the CAS control signal, because 
column addresses are incremented internally (figure 5). 
Static-column DRAMs use static circuitry to decode 
the column addresses, reducing cycle time by allowing 
column accesses to be executed the same as in static 
RAMs (figure 6). 
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Figure 5. Nibble Mode Read Cycle 
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Figure 6. Static-Column Read Cycle 


Address 


The architecture of the interface between the CPU and 
main memory is another important factor in determin- 
ing system performance. Pipelined and interleaved 
architectures that can access the device in parallel 
Operations can also enhance bandwidth, but require 
another level of complexity and cost in the CPU- 
memory interface. 


in main memory design, the most efficient DRAM con- 
figuration is the x1 DRAM because its organization 
minimizes the number of pins on the chip (figure 7). 
Main memory circuits may have hundreds of memory 
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chips on a printed circuit board, and since the address, 
data and control signals are connected to every chip, 
the memory section of the board is layed out in a very 
dense array. In fact, one of the most important parts of 
the DRAM design is the printed circuit layout. This array 
requires a memory chip with minimal pins and package 
size, making the x1 the most efficient. Also, with the 
high number of memory chips for each circuit, the cost 
of the circuit is high compared to other system boards 
and requires a higher system reliability standard. 
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Figure 7. Block Diagram of 1 Meg DRAM 
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An error correction and detection technique is typically 
used to enhance reliability. Most ERCC algorithms can 
detect two-bit errors and correct single-bit errors, al- 
lowing a single memory chip to fail without causing the 
system to malfunction. If the circuit uses a x4 organi- 
zation and a single chip failure occurred, the ERCC 
circuit could not correct the multibit failure, reducing 
system reliability. Also, a x4 DRAM has more pins, a 
larger package size, and higher costs, increasing the 
size and cost of the memory array. 


The wider organization does have one advantage for 
systems that require the number of memory chips to be 
limited because of layout area or cost. One x4 chip can 
replace four x1 devices in applications where density is 
not a factor. A typical application for the x4 organiza- 
tion is in computer graphics where memory size is 
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constrained by screen resolution and the 4:1 increase 
in bandwidth is required to refresh the screen. 


‘Some disadvantages of using DRAMs involve their com- 


plex interface circuitry and dynamic nature. DRAMs 
are arranged in a rectangular array, in which the cells 
are connected in a matrix of rows and columns. To be 
able to reduce the number of address pins, the address 
field is multiplexed into a row address field and a 
column address field (figure 8). A row address is first 
presented to the memory and the row address strobe 
(RAS) control signal is asserted, beginning the memory 
cycle and latching the row address. The row address 
decoding circuit selects the appropriate row of cells 
(512 cells in the case of a 1M DRAM) and the column 
address is multiplexed onto the address pins. 
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Figure 8. RAS /CAS Address Multiplexer Circuit 
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Figure 9. RAS /CAS Address Timing 
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The column address strobe (CAS) is then asserted to 
latch the column address and enable the output driv- 
ers. The column address decoder selects one of the 
memory cells in the selected row and the data is read 
and sent to the output circuits. Once the data has been 
accessed, the RAS and CAS signals are de-asserted 
and remain inactive for a specified precharge time so 
that the circuits can recover from the previous access. 
Thus, the increase in cycle time over access time equals 
the precharge time. 


DRAMs with an access time of 80 ns typically have a 
cycle time of 160 ns. Although multiplexing provides 
some substantial system benefits in terms of minimiz- 
ing the number of pins and reducing package size, the 


3-384 








NEC 


Bank RASg —- RAS3 
Decoder 


CAS CASg - CAS3 
Decoder 


Memory Address 


831H-7066B 


Multiplexer 
Delay 


25 ns min, 60 ns max 


address timing is complicated and requires more inter- 
face circuitry (figure 9). Row and column addresses are 
both multiplexed, presenting. a rather tight window 
during which the individual events must occur. Row and 
column addresses both have setup and hold times with 
respect to RAS and CAS, and if these specifications 
aren't met, the read or write cycle could fail. Therefore, 
the designer must consider the complex requirements 
very carefully, eliminating any timing skews, control or 
address line noise, and power supply noise.The dy- 
namic nature of a DRAM means that data is stored in 
the charge of a capacitor, causing the charge to leak 
over time and the data to be lost. To prevent data loss, 
the DRAM must be periodically accessed to guarantee 
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that the charge will remain in memory. This operation is 
called a refresh cycle and for a 1M DRAM, all 512 rows 
have to be refreshed every 8 ms. This requires the 
DRAM interface circuit to access each row in the mem- 
ory by means of either a read, write, or refresh cycle 
every 15.6 us. Failure to execute a refresh cycle in the 
specified interval will cause the cell to leak off the 
charge, resulting in data errors. A refresh cycle consists 
of using a row address to access the appropriate row 
and executing a RAS cycle to refresh all the cells in that 
row. No CAS or column address is required. 


DRAMs specify several refresh cycles: RAS-only re- 
freshing in which an external counter drives the ad- 
dress on the address pins; CAS before RAS refreshing 
in which an internal address counter is used; and 
hidden refreshing which is executed during a normal 
refresh cycle. For all refresh cycles, an external timer is 
required to signal the control circuit to initiate the 
cycle. Memory control circuitry must also have to 
arbitrate between an active refresh request and active 
memory cycle, ensuring that the refresh interval is not 
exceeded. 


An important system design consideration is the stan- 
dardization of pinouts and package size so that the 
circuit can be upgraded with the next generation of 
higher density chips (figures 10, 11, 12, 13). It is also 
advantageous to design a circuit with options that 
allow the density of the memory board to be upgraded, 
saving the expense of developing a new board with 
each new generation. For example, inthe past, a mem- 
ory board could be designed to easily accommodate 
both 64K x 1 and 256K x 1 DRAMs, both of which were 
packaged in a 16-pin plastic DIP. The only difference 
was that most 64K memory chips had one pin desig- 
nated as a no connection. To accommodate the 256K x 
1 device, the extra address line Ag was added to the 
circuit to allow operation with both devices. 
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Figure 10. Typical 256K x 1 DRAM 
Pin Configuration 
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Figure 11. Typical 64K x 4 DRAM Figure 12. Typical 1 Meg x 1 DRAM 
Pin Configuration Pin Configuration 
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Typical 256K x 4 DRAM 
Pin Configuration 


Figure 13. 
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Designing the system to use either memory size also 
affects the multiplexing and address decoding logic. 
Compatibility between 256K and 1M DRAMs is more 
difficult because the number of pins increases from 16 
to 18 pins to accommodate the additional Ag address. 
The current 1M and future 4M DRAMs have the same 
number of pins, with the additional Ayo address line 
designated for pin 4 on the DIP package, pin 5 on the 
SOJ, and pin 10 on the ZIP. The trend in DRAM packag- 
ing is evolving from predominantly DIP packages in the 
256K era to surface-mounted SOJs and high-density 
ZIPs in the 1M and 4M eras. 
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The size of the package is another concern the de- 
signer must address when choosing 1M and 4M 
DRAMSs. The transition from 256K to 1M DRAMs saw a 
change from the 16-pin packages to 18-pin packages. 
The 1M to 4M evolution represents a crossover gener- 
ation in SOJ package width—from 300 to 350 mils. 
NEC’s SOJ-packaged 1M uPD421000 has a specified 
width of 300 mils, but because of the larger die needed 
to implement the 4M DRAM, a width with an additional 
50 mils is required for the initial 4M SOJ package. The 
1M and 4M ZIP packages remain the same size, while 
the 4M DIP is 100 mils larger than the 300-mil DIP for the 
1M DRAM. Because the surface-mounted SOU package 
is projected to be the dominant package type in the 
future, some manufacturers may market compatible 
300-mil packages for the 1M and 4M devices, but the 
trend will be toward even larger package sizes. For 
example, packages for the 16M DRAMs are likely to be 
400-mil SOJs and 475-mil ZIPs, while the DIP package 
eventually will be phased out. 


The typical development cycle of a DRAM includes a 
second generation of 4M DRAMs, scaled in size to 
optimize access time and die size. This scaled or shrink 
version will allow the die of a 4M DRAM to be mounted 
in a 300-mil SOJ package that is compatible with the 
SOJ package of a 1M DRAM. Also, the shrink version of 
the 4M DRAM will provide a very fast access time of 
60 ns. 


The trend in DRAM technology has seen a quadrupling 
in capacity about every two to four years, a result of 
fewer features and estimates that the 64M DRAM could 
use 0.35 ym technology. One major concern with very 
high density memory chips is test time. The widely 
used GALPAT standard has atest complexity of 4n2 + 
4n for an r-bit RAM and needs about 162 days to test a 
4M RAM chip with a cycle time of 200ns, which is 
unacceptable in today’s manufacturing environment. 


To reduce this test time, NEC has built into its 
UPD421000 1M DRAM a test function that reorganizes 
the 1M x 1-bit part into a 256K x 4-bit configuration 
(figure 14). The 1M test mode is enabled by applying a 
super voltage (Voc + 3 volts) to pin 4 on the 1M DIP 
package (figure 15). While this super voltage is being 
applied, the internal configuration is changed to a 4-bit 
width intended to be used in a testing environment 
rather than in a circuit environment. Pin 4 should be 
regarded as ano connection, and as long as standard 
TTL voltage levels are connected to this pin, the 1M 
DRAM will remain in its normal operating state. 
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Figure 14. Internal Test Circuit Block Diagram 
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Figure 15. 
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Notes: 

(1] Vip = 9.5 V + Voc/2. 

[2] Vit= 1 V min and 7 V max. 
[3] Maximum voltage = 12.5 V. 
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Timing of 1 Meg DRAM Internal Test Circuit 


| > fo tTEHC = Ons 
<————> _ 'TEHR= ONS 


[4] When a test cycle is executed, access times, device power, and the fevel 


of Vcc are higher than normal. Therefore, a test cycle should only be 


executed for verifying functional operation of the device. 


[5] Data output is high impedance during a write cycle in read-modify-write 


test operation. 


[6] Data output is high impedance after RAS goes high in a hidden refresh cycle. 
{7] Four bits in a test cycle are treated the same as four bits in nibble mode. 





The same test strategy is implemented for the 4M 
DRAM, except that pin 4 on the DIP package becomes 
the new Ajo address line and the test mode is initialized 
with logic functions rather than a super voltage. The 4M 
test mode will be initialized when the WE and CAS 
signals are active before the RAS signal is asserted, 
similar to a CAS before RAS refresh cycle, except that 
WE is asserted at the same time as the CAS signal 
(figure 16). The memory designer must ensure that the 
memory control logic does not execute WE and the 
CAS before RAS cycle during normal operation, which 
would cause the device to be configured into a 4-bit 
organization and errors to occur. The test issue is a 
major concern for future DRAM products. The 16M 
DRAM may have a built-in test circuit that can execute 
simple test programs and detect on-chip failure, but at 
this time no standard 16M test procedure has been 
defined. 
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Pseudostatic RAMs 


The advantage of using a static RAM is its simple 
interface circuit and its static nature, which means it 
doesn’t have to be periodically refreshed to retain data. 
Alternatively, a dynamic RAM provides greater density 
and a lower cost per bit. One approach that tries to 
provide the best attributes of both devices is the 
pseudostatic RAM, a chip that uses dynamic storage 
cells but contains all refresh logic on-chip so that it is 
able to function similarly to a static RAM. NEC’s 
uPD428128 is a 128K x 8-bit pseudostatic RAM that 
offers a system designer a byte-wide RAM with the 
density and simple interface of a 1M DRAM (figure 17). 
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Figure 16. Timing of 4 Meg DRAM Internal Test Circuit 
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Notes: 
[1] RAS-only refresh or CAS before RAS refresh may be executed to transistion 
from a test cycle. 


[2] Forx 1 parts Dour is high if all 8 bits are equal, and low if all 8 bits are not equal. 


[3] For x 4 parts, all /O pins are enabled and Doyt is high if all 2 bits are equal, 
and low if all 2 bits are not equal. 


[4] Address compression contro} bits are defined below. 


Data Bus Width (bits) Control Address Bits (Don't care address) 
[8 | _ At, At00, aoc (or x bi 
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Figure17. Block Diagram of Pseudostatic RAM 
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Pseudostatic RAM are nearly, but not quite, as easy to 
use as fully static RAMs. Because pseudostatic RAMs 
must execute internal refresh cycles periodically, there 
is a potential for a conflict between an external access 
request and an internal cycle. The uPD428128 uses two 
types of refresh cycles, pulse and self-refresh, each of 
which requires an extra RFSH function pin. In pulse 
refresh operation, the RFSH signal is asserted during a 
read or write cycle, allowing refreshing to occur during 
a valid memory cycle. NEC’s other pseudostatic RAM, 
the 32K x 8-bit uPD42832 (now obsolete), was packaged 
in a 28-pin plastic DIP and did not have a separate 
RFSH pin. As a result, external pulse_and self-refresh 
operations were controlled by the CE and OE/RFSH 
signals. 














The pPD428128, on the other hand, is packaged in a 





32-pin package and has separate RFSH (pin 1), CE (pin 
22), OE (pin 24), and CS (pin 30) signals. Similar to its 
counterpart in the 32K x 8-bit uPD42832, the CE pin can 
control external or CE-controlled refresh cycles, but 
only the separate RFSH signal can control pulse re- 
freshing. Also, self-refresh cycles are generated by the 
RFSH signal and feature a very low 200 HA self-refresh 
current. Therefore, the pseudostatic RAM, with its lower 
cost per bit, simplified interface circuit, and low self- 





refresh current fills a cost and performance niche - 


between the higher priced SRAM and the more complex 
DRAM. 


NONVOLATILE MEMORIES 


Unlike SRAMs and DRAMs, which lose data as soon as 
power is removed from the device, nonvolatile memo- 
ries have the capability to store data indefinitely, even 
when power has been removed. Although these devices 
have slower access times and are not usually part of 
the high performance memory hierarchy, they are able 
to store data for functions involving communications, 
CRTs, keyboards, and other peripheral circuits. In to- 
day’s system development environment, the designer 
can choose from erasable programmable read-only 
memories or one-time programmable EPROMs, electri- 
cally programmable ROMs (EEPROMs), and mask- 
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programmable ROMs, each of which has a different 
effect on product development and manufacturing in 
terms of functionality, compatibility and cost. 


EPROMs 


EPROMs offer the system designer a nonvolatile mem- 
ory source and also the ability to erase and program. 
EPROMs are programmed by an instrument called a 
PROM programmer and then inserted into an applica- 
tions system. EPROMs retain their data for years with- 
out power, and can be erased by shining an ultraviolet 
light into the window in the top of the IC package. The 
EPROM can then be reprogrammed any number of 
times. Programming requires a special programming 
voltage (Vpp) which is typically 12 to 25 volts, depend- 
ing onthe type of device. The programmer interfaces to 
the EPROM, supplying the control signals, address, 
data and Vpp for each address and follows an algorithm 


that programs and verifies the data being written into 


the device. Early EPROM designs required a 25 volt 
programming voltage, which was reduced in succeed- 
ing generations to 21 volts and then to 12.5 volts. 


EPROMs are used to storing a local program for system 
initiation, baud rate and data formats for CRT terminals 
and character translation for keyboards. Such applica- 
tions require the EPROM to interface directly to the 
CPU’s local bus, which may be 8, 16 or 82 bits. For this 
reason, most EPROMs are configured as a byte-wide 
(8-bit) device, requiring a relatively large, 600-mil pack- 
age and pinout. EPROMs are primarily intended to be 
used in the circuit development phase and replaced 
with less costly one-time programmable devices such 
as OTP EPROMs and mask-programmable ROMs in the 
production phase. This requires compatible package 
sizes and pin assignments across the family of nonvol- 
atile devices, To accommodate this compatibility issue, 
nonvolatile devices use a standard byte-wide format 
for package size and pin assignments (figure 18). If the 
designer designs a circuit to upgrade from an EPROM 
of one size to an EPROM of the next size, the required 
jumper options need to be implemented to reconfigure 
the circuit to the next highest density. 


Figure 18. EPROM/ROM Pinout Compatibility 


LPD23C1000 


pPD23C1000E 


uPD27C1000 





EEPROMs 


One disadvantage of the EPROM is that it cannot be 
programmed while it is in a circuit. The EEPROM solves 
that problem by providing a write function that can be 
used while the EEPROM is still in the circuit. The 
microprocessor can write to the EEPROM just as if it 
were a RAM and continue with other operations during 
the long write cycle time. NEC’s 8K x &-bit uPD28C64 
EEPROM includes a feature called DATA polling to 
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pPD23C1024 


uPD27C1024 
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indicate when awrite cycle is complete (figure 19). If the 
EEPROM is read while an internal write cycle is in 
progress, the EEPROM returns the complement of the 
last data written. Thus, the system software can deter- 
mine when the write cycle is complete by reading the 
location last written and comparing it to the data being 
written. The EEPROM can accomplish this because it 
includes on-chip latches and an automatic "erase be- 
fore write” function. 
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Figure 19. DATA Polling Flow Chart 





Page 1 to 32 bytes. 
Leave data of last written address 
inCPU program 


(Write data = 
OX X5 X4XBX9X1XQ) 


Execute another program Write cycle 


Compare data of 
address written last we ais ms min 
Not identical in pPD28C64 with yp 7 ms 
data in CPU register 
During write cycle After end of write operation 
(read data = 10000000) Identical (read data = 
OXg X5 X4XBXOX4XQ) 
End of write 
operation 
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The microprocessor can execute other instructions Figure20. Error Write Protection 
and periodically poll the EEPROM to determine if the 
write cycle is complete. The uD28C64 also includes 
protection against accidental write cycles at power 
down (figure 20). For a write cycle to occur, WE and CE 
must be asserted low and OE must be high. It is unlikely 

, , . p tpw $20 ns 
that this combination would occur during power tran- 
sitions. Additional write protection is provided by a a fe _ 
noise immunity filter that inhibits write operation when Ll 
the WE pulse is 20ns or less, and when the power a oi 
supply voltage level is detected to be 2.5 volts or less. 


The uPD28C64 optimizes the write cycle with a feature tow <20ns 

that speeds effective access time when writing a series 
of 32 bytes simultaneously (figure 20). The 8K x 8-bit 
device is compatible with the byte-wide pin assignment 
standard and is pin-compatible with the 8K x 8-bit 
EPROM and SRAM. While the 8K x 8-bit device is 


targeted at the larger capacity EEPROM applications, 
several small devices provide a low-cost solution for ee 
low-end systems. The uPD28C04 is such a device and is Vid OF Vit 
orgnanized as 256 x 8 bits and provides the same write 


and protection features as the uPD28C64. 


ViH O Vit | OE Write Inhibit 
Vin OFViL_| Vil OF Vit CE Write Inhibit 
Vi Vin] Vin OF Vit 
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Figure 21. »«PD28C64 Page Write Cycle 
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Notes: 


[Note 4] 








whichever occurs later. 


[2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 


[3] Write operation requires both CE and WE to be at Vy. 


CE and WE are at Vj_. 


Mask-Programmable ROMs 


The ability to erase an EPROM is an important feature, 
especially during the product development phase 
when the EPROM code is frequently changed. When the 
product enters its manufacturing stage and the pro- 
gram code becomes fixed, the extra cost due to the 
special package with a transparent lid is difficult to 
justify. Mask-programmable ROMs, which are pro- 
grammed during the manufacture of the chip itself, are 
less expensive. NEC produces mask-programmable 
ROMs and will also manufacture the custom mask 
required for the device. There is a charge and lead time 
required for producing the mask, but for high-volume 
applications, the mask can be amortized with a cost 
savings compared to the standard EPROM. Typically, 
the mask-programmable ROM is compatible with the 
byte-wide standard used in EPROM devices for feature 
and package compatibility. 


One of the disadvantages of the mask-programmable 
ROM is that if a bug is found in the code, the mask has 
to be replaced at a large cost. A one-time programma- 


KX es RRR 









[1] The address inputs are latched at the falling edge of CE or WE, 


Parameters twp and tcware defined only for the period when both 





Valid ; 
[Last Byte] 


[4] The page cannot be changed in the middie of a page 
write cycle. Address inputs As — A4o must be supplied for 
every byte load cycle and must remain the same throughout 
the page write cycle to prevent writing to an unknown 
address location. Address inputs A q—A gare altered for each 
byte load cycle and determine the individual byte to be 
written within the page. 


[5] A maximum of 32 bytes may be loaded in a single page 
write cycle. 
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ble (OTP) EPROM fills the gap between the standard 
EPROM in cost and functionality because this product 
can be programmed like a standard EPROM, but can- 
not be erased. Since it doesn’t have the special EPROM 
package with transparent lid, the cost is less than an 
EPROM but higher than a mask-programmable ROM. 
The mask charge and lead time is eliminated and the 
parts can be inventoried in their unprogrammed state 
and programmed just prior to final assembly. Waste 
caused by program changes is thus minimized, and 
only One part type is purchased for any number of 
different programs. 


Silicon File 


In the past, there has existed a technology gap between 
the faster primary and the slower secondary memories 
(figure 22). Average access time of secondary devices, 
most often magnetic disks and drums, is 1000 to 10,000 
times slower than that of primary devices. Electronic 
disks such as charge-coupled devices and magnetic 
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bubble memories have not proved cost-effective in 
closing the technology gap and thus have had little 
impact on system design. 


Standard semiconductor memory in the secondary 
level is able to bridge this gap, and of the various 
alternatives, battery backed-up static RAM and 
EPROM/EEPROM technologies historically have been 
used in solid-state nonvolatile systems. Typically they 
have been restricted to low-capacity applications, 
since the high cost of static RAMs prohibits using them 
either as replacements for magnetic media or in appli- 
cations where the operating environment makes rotat- 
ing media too unreliable. 


NEC’s uPD42601 silicon file, a device with higher per- 
formance, higher capacity, and lower power require- 
ments is also able to bridge this performance gap. The 
silicon file is based on DRAM technology and provides 
the capacity and reliability of a standard DRAM, but 
also features a way to retain data by means of batteries 
when power is shut off. Although reliability and rugged- 
ness are important attributes of solid-state memories, 
the silicon file also offers advantages such as lighter 
weight, higher I/O bandwidth, and simpler interfacing. 


The silicon file is an economical mass storage device 
specifically designed to replace magnetic media in 
silicon disk, solid-state recording, and system backup 
applications. It is based on the trench cell technology 
of NEC’s 1M DRAMs and implements the same read and 
write cycles (figure 23), but optimizes system band- 
width with a page cycle that repeatedly pulses CAS 
while maintaining RAS low (figure 24). The silicon file 
must also periodically execute standard RAS-only and 
CAS before RAS refresh cycles to refresh its cells within 
a specified interval of 32 ms, which is four times slower 
than a 1M DRAM. 


An important feature of the silicon file is its ability to 
retain data while being powered by a backup battery. 
This is accomplished by means of a self-refresh cycle 
that can be used in applications requiring a low data 
retention or self-refresh current. The RFSH control sig- 
nal goes low while the RAS signal is clocked at a 
relatively slow rate (tacr). Since data loss is caused by 
leakage, and leakage current is a function of tempera- 
ture, tacr is specified at three temperature ratings: 50° 
C, 60°C, and 70°C. Each rating has a corresponding 
refresh current (directly proportional to the refresh 
rate) which is required to maintain data (table 2). 
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Table 2. Self-Retresh Current Versus Clock 
Frequency and Temperature 
Type Temperature RAS Clock Maximum Current 
uPD42601 -60L 0 to 50°C 50 KHz 30 A 
0 to 60°C 100 KHz 60 pA 
0 to 70°C 200 KHz 120 yA 
uPD42601-60 0 to 70°C 200 KHz 120 WA 


Self-refresh cycles are intended to be used when power 
to the silicon file’s memory array is shut down for an 
extended amount of time. In this case, the system 
backup circuit is required to provide to the memory 
array a backup supply voltage between 4.5 and 5.5 
volts while pulsing RAS at the given taor frequency and 
driving RFSH low. As long as the circuit can maintain 





' these operating conditions, the silicon file will retain 


data. 


Figure 22. Memory Hierarchy 
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Figure 23. Silicon File Read Cycle 
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Figure 24. Silicon File Page Read Cycle 
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Introduction 


The objective in designing a hierarchical memory sys- 
tem is to match the processor's speed either with the 
rate of information transfer or with the bandwidth of the 
memory at the lowest level, at a reasonable cost. No 
one type of device meets all criteria, i.e, inexpensive, 
reliable, fast and nonvolatile. In fact, the hierarchy in 
most computers is often organized so that the highest 
level has the fastest speed and the lowest level has the 
lowest speed, e.g. a cache typically resides in the 
highest level and contains the fastest and most expen- 
sive memory, the next level contains random access 
devices that are 5 to 10 times slower than the cache, 
and the lowest level has the slowest and cheapest 
devices. 


Inthe past, there has existed a technology gap between 
the faster primary and the slower secondary memories 
(figure 1). Average access time of secondary devices, 
most often magnetic disks and drums, is 1000 to 10,000 
times. Slower than that of primary devices. Electronic 
disks such as charge- coupled devices and magnetic 
bubble memories have not proved cost-effective in 
closing the gap and thus have had little impact on 
system design. 


Figure 1. Memory Hierarchy 
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Silicon File System Architecture 
Application Note 90-06 


Standard semiconductor memory in the secondary 
level is able to bridge this gap, and of the various 
alternatives, battery backed-up static RAM and 
EPROM/EEPROM technologies historically have been 
used in solid-state nonvolatile systems. Typically they 
have been restricted to low-capacity applications, 
since the high cost of static RAMs prohibits using them 
in place of magnetic media or in applications where the 
operating environment makes rotating media unreli- 
able. 


NEC’s pPD42601 silicon file, a device with higher per- 
formance, higher capacity, and lower power require- 
ments is also able to bridge this performance gap. 
Based on DRAM technology, the uPD42601 provides the 
capacity and reliability of a standard DRAM, but also 
features a way to retain data by means of batteries 
when power is shut off. It also offers the reliability and 
ruggedness of solid-state memories, as well as lighter 
weight, higher I/O bandwidth, and simpler interfacing. 


Functional Overview 


Standard Operation. The silicon file is specifically de- 
signed to replace magnetic mediain silicon disk, solid- 
state recording, and system backup applications. It is 
based on the trench cell technology of NEC’s 1M 
DRAMs and implements the same read and write cycles 
(figure 2), but optimizes system bandwidth with a page 
cycle that repeatedly pulses CAS while maintaining 
RAS low (figure 3). The silicon file also periodically 
executes standard RAS-only and CAS before RAS 
refresh cycles to refresh its cells within a specified 
interval of 32 ms, which is four times slower than a 1M 
DRAM. 


Low-Power Operation. An important feature of the sil- 
icon file is its ability to retain data while being powered 
by a backup battery. This is accomplished by means of 
a self-refresh cycle that can be used in applications 
requiring a low data retention or self-refresh_ current. 
The RFSH control signal goes low while the RAS signal 
is clocked at a relatively slow rate (tacr). Since data 
loss is caused by leakage, and leakage current is a 
function of temperature, tacr is specified at three 
temperature ratings: 50°C, 60°C, and 70°C. Each rating 
has a corresponding refresh current (directly propor- 
tional to the refresh rate) which is required to maintain 
data (table 1). 
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Figure 2. Read Cycle 


7 MLL) | NN 


tasc 


NN 


tf  — X 


-—ICPN 


tCAH 


sa [11 Pemrsies KU eosem ie MMMMMMMMLLLLLLL 


High Impedance 
DouT 2 


Note: 
[1] RFSH = Vjy. 





Table 1. Selt-Refresh Current Versus Clock 
Frequency and Temperature 


Type Temperature RAS Clock Maximum Current 
HPD42601-60L 0 to 50°C 50 KHz 30 yA 

0 to 60°C 100 KHz 60 pA 

0 to 70°C 200 KHz 120 pA 
HPD42601-60 O'to 70°C "200 KHz 120 pA 


Self-refresh cycles are intended to be used when power 
to the silicon file’s memory array is shut down for an 
extended amount of time. In this case, the system 
backup circuit is required to provide to the memory 
array a backup supply voltage of between 4.5 and 5.5 
volts while pulsing RAS at the given taor frequency and 
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driving RFSH low. As long as the circuit can maintain 
these operating conditions, the silicon file will retain 
data (figure 4). 


Special consideration must be given to the require- 
ments for tacr near periods of limited standard refresh 
cycles, and to the time restriction when entering and 
exiting self-refresh operation (refer to the data sheet for 
the uPD42601 as well as Application Note 56). 


Comparison with 1M DRAMs 


Table 2 compares the functions of the wPD421000 
DRAM with the uPD42601 silicon file. Both have a 
similar 1M x 1 organization and interface circuit, and 
both are available in the same high-density 26/20-pin 
plastic SOJ and 20-pin plastic ZIP packages. 


N KE C Silicon File System Architecture 
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Figure 3. Page Read Cycle fo 
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Table 2. 
Part Number 
pPD421000 











uPD42601 | 1Mx 1 


Figure 4. Block Diagram of Backup Circuit for 
Self-Refreshing 
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Access Time and Power Comparison 


The 1M DRAM is designed for high performance at low 
cost. Its optimized technology, also used in the silicon 
file and based on NEC’s CMOS process and trench 
memory cell, is proven to provide high reliability, excel- 
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Standard plus RFSH pin | 26-pin plastic SOJ 
20-pin plastic ZIP 





Comparison of Silicon File to Standard DRAM 
26-pin plastic SOJ | Fast-Page 
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lent immunity to alpha particles, and accelerated soft 
error rates of less than 1000 FITs (Failures in Time or 
errors in device-hours). 


Figure 5 shows a comparison of the die layouts for the 
silicon file and 1M DRAM. The 1M DRAM is segmented 
into 16 memory cell arrays with appropriate column 
decoders and sense amplifiers separating each pair of 
arrays. This highly segmented approach is used to 
reduce the length of the bit line, which in turn reduces 
bit line capacitance and results in a faster access time. 


Conversely, the eight memory cell segments and eight 
sense amplifiers in the simplified layout of the silicon 
file optimize power consumption rather than access 
time. The silicon file has a slower access time and lower 
active current, and although active current can be 
reduced in any DRAM if cycle time is also reduced, 
active current in the silicon file is still much lower than 
active current in a DRAM when both are operating at a 
1 ps cycle rate. 


When a standard DRAM and the silicon file are not 
being accessed by the system, they operate in standby 
and dissipate a current much lower than their active 
current. Standby is used by both devices to reduce 
system power requirements during normal system op- 
eration. The silicon file also has a unique self-refresh 


NEC 


cycle that isn’t implemented on a standard DRAM and 
can operate at very low currents, as low as 30 yA, and 
Still retain data via a battery powered backup system. 
Furthermore, the silicon file uses an additional RFSH 
pin (pin 4 on the 20/26-pin SOJ and pin 9 on the 20-pin 
plastic ZIP). 





System Design 


When considering a system design using the silicon 
file, the system designer will recognize a number of 
similarities with the 1M DRAM. Both devices use the 


same x1 organization, as well as RAS, CAS, WE and Ag 


Figure 5. Die Comparison of 1M DRAM and Silicon File 
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Silicon File System Architecture 


through Ag, and both are available in the same SOJ and 
ZIP package types. Typically, a silicon file system 
design will be functionally similar to a standard DRAM 
system, making it very easy for the designer to use 
traditional DRAM system design techniques. 


Figure 6 shows an interface between the silicon file and 
a host interface. It is very similar to a DRAM system, 
except for the power monitor and backup circuit used 
to implement self-refreshing. The interface circuit is 
application-dependent, and can be an interface to a 
variety of standard !/O or memory interfaces. 
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Figure 6. Block Diagram of 20 Mbyte Solid-State Disk System _ 
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The control circuit supervises interaction between the 
host interface and the storage array of the silicon file, 
translating signals from the host interface into silicon 
file access cycles and controlling the transfer of data 
on the host interface bus. The power monitor and 
backup circuit track power supply voltage for power 
failures or shutdowns, and maintain memory data by 
generating control signals for self-refresh cycles and 
battery backup voltage. To increase system reliability, 
an error correction and detection circuit, such as a 
parity bit or ERCC, may be implemented. One common 
design characteristic is that the silicon file control and 
memory array circuits will remain application- 
independent, while the system interface circuit will be 
application-dependent. 


Control Circuitry 


This section focuses on the circuitry of a silicon file 
system, and in particular on the application- 
independent control circuits and various system inter- 
faces. 


The similarity between the silicon file and a 1M DRAM 
extends to the organization of their memory cells ina 
matrix of rows and columns, with each individual cell 
accessed by first addressing a row and then a column 
(figure 7). The external address is presented to the 
silicon file in two parts, as shown in the waveform in 
figure 2, The row address first is driven on the address 
input pins and RAS goes low to clock the row address 
into an internal row address latch. The row address 
must be stable for the specified setup time of tasr 
before RAS is asserted, and also for the specified hold 
time of tray after RAS is asserted. 


The address inputs are then changed to column ad- 
dresses and CAS is asserted. CAS also serves as the 
output enable signal, in that the three-state driver is 


Silicon File System Architecture 


enabled whenever CAS is asserted. The time when CAS 
can be asserted is determined by the minimum require- 
ments for a RAS to CAS delay, as specified by trop. 
Additionally, setup and hold times for CAS must be 
met. Presenting the address in two parts has the advan- 
tage of reducing by 50% the number of address pins 
andthe package size. The silicon file is typically used in 
large memory systems where chip size is an important 
consideration. 


Data is available after the access times from both RAS 
(trac) and CAS (tcac) have been satisfied. The limit of 
performance is determined by the access time from 
RAS. If the assertion of CAS is delayed longer than 
required, then maximum performance will not be ob- 
tained and access time from CAS will determine the 
overall access time. 


Another specification of importance is the tap pre- 
charge time for RAS, which is required for the memory 
circuit to recover from the previous access. Because a 
read cycle destroys the data in an addressed memory 
cell, aprecharge cycle must be executed to restore the 
data and equalize signal levels on the bit lines. Thus, 
the cycle time for a silicon file is greater than the access 
time. The difference between access time and cycle 
time is equal to the precharge time, e.g., a silicon file 
with an access time of 600 ns will have a cycle time of 
1s. 


Figure 8 shows the timing for an early write cycle. The 
addressing sequence is the same; the only difference is 
that WE is asserted, and datais supplied by the CPU on 
the Diy pin. There are two types of write cycles, depend- 
ing upon the timing relationship between WE and CAS. 
Figure 8 shows the WE signal being asserted before 
CAS. In this case, setup and hold times are referenced 
to the falling edge of CAS. In a late write cycle, WE is 
asserted after CAS. 
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Figure 7. Silicon File Block Diagram 
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Figure 8. Early Write Cycle 
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Refreshing of Dynamic Cells 


The silicon file, as well as all DRAMs, uses a memory 
cell structure that stores a dynamic charge on a capac- 
itor, which means that the charge can decrease in time 
because of leakage. As a result, all devices using DRAM 
cell technology must be periodically restored or re- 
freshed. Whenever a row is selected in a silicon file, all 
the cells in that row are accessed and the charge in that 
cell refreshed. The maximum interval in which a row 
address must be refreshed is called the refresh period 
(treF) and is specified as 32 ms for the silicon file. If 
each row address is not accessed every 32 ms, data in 
that row cannot be guaranteed. 


High Impedance 
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Two refresh cycles can be used to refresh a silicon file. 
RAS-only refresh cycles are executed when the refresh 
address is driven onto the address pins by an external 
circuit when RAS is low. CAS is left inactive during this 
cycle since no data is being read or written. 


To simplify the circuitry needed to initiate refresh cy- 
cles, the silicon file has an on-chip counter that gener- 
ates every refresh address and is activated by assert- 
ing CAS before the RAS signal. Internal control logic 
detects this state and uses the address generated by 
the internal refresh address counter to execute a CAS 
before RAS refresh cycle, which is standard in most 
DRAMs. Its advantage is that no external counter is 
required and the refresh address sequence is main- 
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tained when switching between CAS before RAS and 
self-refresh operation during operation of the silicon 
file. In fact, the use of RAS-only refresh cycles with the 
silicon file is discouraged because of the difficulty in 
synchronizing RAS-only operation (external refresh 
counter) with self-refresh operation (internal refresh 
counter). 


Page Mode 


The silicon file provides a page mode to increase 
effective bandwidth of the memory hierarchy. Page 
mode takes advantage of the matrix organization of the 
silicon file by continuously accessing data in a single 
row in the memory array. The silicon file is organized 
with 512 columns per each of the 512 rows, allowing a 
page cycle to access a maximum of 512 bits of informa- 
tion. The first word is accessed in the same manner as 
in a standard read and write operation, with row ad- 
dresses latched onto the chip by RAS and. column 
addresses latched by CAS. Subsequent column ad- 
dresses are accessed for each CAS cycle, repeated for 
a period equal to the maximum specification for the 
RAS pulse width. System performance is enhanced 
because the 100ns page cycle access time (tpc) is 
much faster than the 600 ns standard access time from 
RAS. In solid-state disk applications, a 512-byte sector 
can use a page cycle to reduce read or write access 
times for the sector. However, the logic required to 
implement a page cycle is more complex than for 
conventional read or write operation, requiring extra 
system control logic or a controller chip that supports 
page mode. 


Control and Interface Circuit Design 


A silicon file requires a number of functions to be 
performed to execute a read or write operation. A 
control circuit must determine that a valid silicon file 
cycle is being executed and translate the read and 
write control signals from the host CPU into RAS, CAS 
and WE signals compatible with silicon file timing. The 
address must be latched and multiplexed into the row 
and column address, conforming to the timing specifi- 
cations. Finally, the silicon file must be refreshed peri- 
odically to guarantee data retention. 


The first task requires the control circuit to monitor the 
system interface and determine if a valid silicon file 
cycle is being executed by the host. When a valid 
access cycle is active, the control circuit must interface 
with the host through asynchronous or asynchronous 
acknowledgement signals that determine when silicon 
file data will be valid on the system bus. The control 
circuit must also generate control and timing signals to 


3-408 


NEC 


the silicon file memory array that executes a read or 
write cycle. Once the cycle is complete, the control 
circuit releases the system interface for the next oper-. 
ation. 


A control circuit can be implemented with discrete 
logic or integrated controller. circuits that include a 
number of on-chip interface functions. The discrete 
design requires a PAL-based, status machine control 
circuit to perform the following functions: 


O Determine valid silicon file access cycles 


Q Input and translate the system interface control 
signals into silicon file control signals, i.e., RAS, 
CAS, WE 


O Acknowledge to the host when valid data is 
available 


. © Execute refresh cycles 


The controller must also determine when a refresh 
cycle is required and provide the circuitry for control- 
ling the silicon file data and address path control and 
timing circuits. 


The PAL-based controller must provide internal syn- 
chronous feedback of system access information and 
synchronize timing of the silicon file access cycle with 
timing of the host’s access cycle. The valid signal 
indicates to the control circuit that an’ access to the 
silicon file is being requested by the host. The control 
circuit must determine if the system access is a read or 
write cycle, determine whether a refresh cycle is also 
being requested at the same time, signal the host to 
wait for valid data, generate the RAS enable signal to 
initiate the control and addressing timing circuits of the 
silicon file. 


Once the control circuit has determined that a valid 
access cycle is being executed and arbitrated any 
refresh and access cycle conflicts, it must generate the 
RAS enable signal to initiate the control and address 
timing circuit. This circuit generates the RAS and CAS 
signals and controls the address multiplexer that mul- 
tiplexes the row and column addresses. Since most 
silicon file devices are organized into banks of data, the 
control circuit must also determine what bank is being 
accessed. The bank decoder circuit decodes the ap- 
propriate address bits and selects the RAS signal. for 
the selected bank allowing the read or write cycle to 
start. te 


The address multiplexer, a two-input device controlled 
by the select signal (mux_select) generated by the 
control circuit, selects either the lower or upper ad- 
dress bits to generate the row and column address 
(figure 9). In applications using RAS-only refresh cy- 
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cles, the refresh address must.also be multiplexed onto 
the address lines during a refresh cycle. This can be 
done with an additional multiplexer or by using three- 
State drivers to drive the address onto one of the 
multiplexer inputs. Since the silicon file uses the inter- 
nal CAS before RAS address counter for self-refresh 
operation, it is recommended that the CAS before RAS 
refresh method be used to eliminate the need for 
synchronization of the external RAS-only refresh with 
the internal self-refresh address. An additional signal 
from the PAL-based control circuit is required to enable 
the CAS signal before the RAS signal. 


Figure 9. Address Multiplexer and Driver Circuits 
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UPD42601 read or write cycles follow this sequence: 


O The address multiplexer is selected for the row 
address bits and the row address is driven onto the 
address pins for a specified setup time. 


Q The control circuit generates RAS, and the bank 
select decoder selects the RAS signal 
corresponding to the selected bank. 


QO The row address is maintained for a specified hold 
time. 


Q The multiplexer is switched to select a column 
address. 


QO The column address is maintained for a specified 
setup time and for the minimum specification for a 
RAS to CAS delay. 


0 The CAS signal is asserted. 


The timing for this cycle must be precise to be able to 
maintain the address setup and hold times and RAS to 
CAS delay specifications. This timing is usually imple- 
mented in DRAM applications with a delay line of +1 or 
2 ns (figure 10), but since the silicon file’s specification 
are not as critical as a DRAM’s, the timing can be 
derived from a high-speed clock using synchronous 
flip-flop circuits (although consideration for timing 
skews between different devices should be considered 
and minimized by using flip-flops circuits from. the 
same package). A gate array controller could also 
easily generate the address timing signals for a silicon 
file application. 


Figure 10. Memory Control Circuit and RAS/CAS Timing Circuit 
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Since the silicon file cannot be read or written while a 
refresh cycle is executing, the host cannot always have 
access to memory. The simplest way to override this is 
to halt the host every 32 ms and execute a burst of 512 
refresh cycles, also known as burst refreshing. It must 
be pointed out that burst refresh cycles can degrade 
the performance of the system: The percentage of time 
that the microprocessor is halted for refreshing isn’t 
large, but the length of the burst refresh period in- 
creases the system’s latency time in responding to an 
asynchronous event. 


Another approach is called distributed refreshing, in 
which a single refresh cycle is executed every 62.5 ps. 
In this method, if a refresh cycle and an access cycle are 
active at the same time, the silicon file control circuit 
must arbitrate contro! between the two cycles, i.e., the 
control circuit must delay the host until the refresh 
cycle is completed by causing the host to execute a 
wait state. The refresh cycle must take precedent over 
the active access cycle to ensure that the maximum 
refresh period is not exceeded. Both refresh methods 
require a refresh interval counter to signal the control 
circuit when a refresh cycle is to be executed. This 
circuit consists of synchronous counters, clocked by 
the system clock and reset after each refresh cycle. 


Data Input 


Data to be written into a selected cell is latched by an 
on-chip register with the combination of the WE and 
CAS signals while RAS is active. There are two types of 
write cycles, both of which depend on when the write 
data is available. If write data is valid before CAS goes 
low, an early write cycle can be executed. In an early 
write cycle, WE signal is asserted before CAS, and 
setup and hold times for the write pulse and the data 
are referenced to the falling edge of CAS. The other 
type is called a late write, and is executed when WE 
and CAS are both low. Since CAS controls the output 
drivers, the output buffer is briefly enabled from the 
time CAS is active until the assertion of the WE signal. 
in a late write cycle, setup and hold times are refer- 
enced from the falling edge of WE. 


The timing specification for the host’s write data will 
determine which write cycle is to be implemented in 
each design. If data is valid before the assertion of CAS, 
the control circuit must assert awrite pulse before CAS 
while maintaining the specified twos write command 
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setup, twcou hold, and twp pulse width times. Since the 
WE signal is connected in parallel to all of the silicon file 
chips, propagation delays caused by capacitive load- 
ing should also be taken into account. 


The circuit may also require write data to be latched in 
a transparent latch if the host isn’t capable of maintain- 
ing write data long enough to meet the setup and hold 
times, or if a refresh arbitration cycle has to remain 
active during a number of wait cycles. A write data latch 
is controlled by a data strobe from the host that is 
connected to the latch enable input of the latch. The 
strobe should be high while write data is valid. The host 
system bus and the falling edge of the data strobe latch 
the write data at the end of the host’s data cycle. The 
need for a write data latch is dependent upon the host’s 
requirement for write data timing and should be con- 
sidered when designing a silicon file circuit. 


Memory Design Considerations 


The silicon file memory array is organized into banks of 
chips, and the size of each bank is determined by the 
size of the system bus, as well as by the additional 
chips required for parity or error detection and correc- 
tion (ERCC). For example, a 20 MByte solid-state disk 
with ERCC will have 5 banks of silicon file chips, each 
bank consisting of 32 devices to store the memory 
word and 7 devices to store the ERCC syndrome bits. 
The bank organization allows active system power to 
be minimized because only a part of the total array is 
accessed during each cycle. 


The bank organization requires that the address and 
control lines be wired in parallel, which presents a large 
capacitive load to the driver circuits. The compact 
design presents inductive and capacitive loads to the 
address and control line drivers, which can cause 
ringing and large under- and overshoots during signal 
transitions, subsequent violation of address setup and 
hold times, or glitching on the control lines that will 
result in memory failures. The undershoot and ringing 
can be minimized with proper printed circuit board 
design techniques that reduce not only the length of the 
etch run between the driver and input pin but also the 
impedance of the signal etch. This is accomplished by 
means of damping resistors between the address and 
control line drivers and the silicon file inputs (figure 11). 
The value of these damping resistors is typically 15 to 
33 ohms and should be empirically chosen. 
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Figure 11. 
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Because of the large input capacitance of the memory 
array, the transitions of address and control signals are 
slowed by the need to charge and discharge this 
capacitance. Drivers designed for use with memory 
arrays can drive large capacitive loads, but the de- 
signer must account for the added propagation delay 
due to the loading effects. If driver circuits are required 
to drive the address and control lines of each memory 
bank, the bank must divided into separate groups, and 
the total capacitance load must not exceed the driver's 
capabilities. For this purpose, some manufacturers pro- 
duce memory drivers, but an integrated memory con- 
troller will provide such drivers internally. 


WE Enable 


Bank Select 


A typical memory driver can drive a 250 pF capacitive 
load with the silicon file address and control line inputs 
specified at 5 pF for address lines and 8 pF for control 
lines. For a bank of 39 chips, one driver is required to 
drive each address line (Ag through Ag) and two drivers 
to drive each control line (RAS, CAS, and WE). This 
requires 16 drivers for all address and control lines. 
Because the driver circuits are quad packages, an 
additional four packages are required to drive each 
bank. 
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Bank Decoding and Memory Driver Circuits 
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Power Distribution and Decoupling 


As in all high-speed memory designs, controlling large 
current transients and protecting high frequency com- 
ponents from fast switching speeds is an important 
consideration. In order to contro! these current tran- 
sients and prevent them from generating voltage spikes 
that can cause loss of data and soft errors, every effort 
must be made to minimize impedance in the decou- 
pling path of the device. 


The decoupling path is the trace distance from a power 
pin through a decoupling capacitor and to package 
ground, The impedance of this path is determined by 
the line inductance and series impedance of the decou- 
pling capacitor. The line inductance can be minimized 
either by providing a power plane or by girding the 
power. To increase the effectiveness of the girded 
power, decoupling capacitors should be placed be- 
tween the power and ground pins of every chip. The 
decoupling capacitors used for a typical silicon file 
design would be a high frequency (100 MHz) 0.2 uF 
ceramic capacitor. Since most memory designs have 
some low frequency DC currents, large bulk electrolyte 
27 pF capacitors should be located judiciously around 
the periphery of the printed circuit board. 


3-411 





Silicon File System Architecture NV. KE Cc 


3-412 


NEC 


Memory Cards 4 





Memory Cards 


Section 4 
Memory Cards 


MC-174/176 4-1 


1,048,576-/4,194,304-Bit Memory Cards 


NEC 


NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Introduction 


The MC-174 and MC-176 are static RAM cards designed 
for use in applications where portability is required. 
They are packaged in a metal container, approximately 
the same size as a credit card. However, the thickness 
is 3.4 mm (0.133 inches), which is the thickness of about 
three credit cards. 


The cards use standard 32,768 x 8-bit uPD43256A static 
RAM that is able to retain data by means of an internal 
battery when system power is unavailable. The data 
bus may be configured as either 8 or 16 bits. Further- 
more, the upper or lower memory bytes may be con- 
nected for input or output to the upper or lower bytes of 
the data bus. 


The MC-174 is organized as 131,072 bytes and the 
MC-176 as 524,288 bytes. An external switch prevents 
accidental changing of write data. 


Features 


O Credit card size 

QO Two densities 

— MC-174 = 131,072 bytes 

— MC-176 = 524,288 bytes 

Easily accessible write protection switch 
Electronic card identification 

Selectable data-bus width of 8 or 16 bits 
Replaceable battery 

Battery test circuit 

Single + 5-volt power supply 


oboooodo da 


Ordering Information 
Read Access 


Part Number Cycle (max) Organization Package 
MC-174 250 ns 131,072 bytes 60-pin IC card 
MC-176 250 ns 524,288 bytes  60-pin IC card 
60114 


MC-174/176 
1,048,576-/4,194,304-Bit 
Static RAM Cards 


Pin Configurations 


60-Pin IC Card (MC-174) 
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Pin Configurations (cont) 


60-Pin IC Card (MC-176) 


Pin Identification 
Symbol 
Ag - Aig 
BC 

CD 

CE 

Do - Dis 
MBS 
OE 
UB/LB 
WE 
GND 
Veco 

NC 
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Function - 

Addresses 

Battery check 

Card detect 

Card enable 

Data inputs/outputs 
Bus select 

Output enable 

Upper byte/lower byte 
Write enable 

Ground 

+5-volt power supply 


No connection 
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Pin Descriptions 


Ao through Aig. These pins serve as addresses for 
standard read and write cycles. 


BC (Battery Check). This pin measures the voltage of 
the card’s internal backup battery. 


CD (Card Detect). This pin controls reading of the 
electronic signature. 


CE (Card Enable). This pin is used to select the card 
for read or write operation. CE high activates the 
device and CE low puts it in standby. 


Do through Dis. These pins serve as the data bus 
interface between the MC-174/176 and the system. 


MBS (Memory Bus Select). During a write cycle, the 
signal from this pin selects a byte of the data bus to be 
written. 


OE (Output Enable). The signal from this pin controls 
the output drivers for Dp through Djs. 


UB/LB (Upper Byte/Lower Byte). The signal from this 
pin selects the upper or lower byte of the memory card 
for connection to the upper or lower byte of the data 
bus. 


WE (Write Enable). This pin controls read and write 
operation. 


Addressing 


Addresses on the MC-174/176 designate bytes to be 
selected. Since the cards are able to be organized as 8 
or 16 bits, the lower memory byte is selected when Apo is 
low and the upper memory byte when Ap is high. Apo is 
the least significant bit in byte organization. In word 
organization, Ag remains low and A; becomes the least 
significant bit. . 


The MC-174/176 are internally organized as two 8-bit 
bytes, a lower byte encompassing locations MDo 
through MD7 and an upper byte encompassing MDg 
through MD,5. The lower and upper memory bytes may 
be logically connected to the lower or upper data bus, 
Dp through D7 and Dg through Djs, respectively, as 
specified by a combination of signals from Ap and 
UB/LB. 
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Block Diagram 


MC-174/176 
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A low on UB/LB while Ag is toggling connects first the 
lower and then the upper memory byte to the lower byte 
of the data bus (Dp through D7). Ao first goes low and 
then high, respectively. The upper byte of the data bus 
is connected to the upper memory byte while UB/LB is 
low, regardless of whether Ap is high or low. A high on 
UB/LB while Ao is toggling alternately connects the 
lower memory byte to both bytes of the data bus when 
Ag is low. The upper memory byte is connected to both 
bytes of the data bus when Ap is high. See table 1. 


If 16-bit data is required, i.e., with the upper memory 
byte connected to the upper data bus and the lower 
memory byte to the lower data bus, then Ap must 
remain low and A; becomes the least significant bit. 


Voc Control 


Back Up Battery 
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Table 1. Read Data Bus Control — 

UB/LB Ao Dg through D45 Do through Dz 
Vit Vit Upper byte Lower byte 
X Vin Upper byte Upper byte 
Vin VIL Lower byte Lower byte 
Notes: 


(1) Lower byte = MDo through MD7. 
(2) Upper byte = MDg through MDys5. 


Read Operation 


Read operation is initiated by applying high logic levels 
to CE and OE and low levels to CD and WE. 





MC-174/176 


Write Operation 


When WE is high and OE low, either a word or byte write 
cycle may be executed (table 2). In a word write cycle, 
UB/LB and Ag must be low to enable the upper and 
lower data buses to be written to the upper and lower 
memory bytes, respectively. The signals of MBS, UB/LB 
and Ap are used to select a byte write cycle, during 
which either the upper (MBS high) or lower data bus 
(MBS low) is active. UB/LB and Ay specify whether the 
active data bus is connected to the upper or lower 
memory byte. 


Table 2. Write Data Bus Control 


MBS UB/LB Ao Dg through D45 Do through D7 
X Vib Vit Upper byte Lower byte 
ViL xX Vin Not used Upper byte 
VIL Vin Vi Not used Lower byte 
Vin X Vin Upper byte Not used 
Vin VIH VIL Lower byte Not used 
Notes: 


(1) Lower byte = MDg through MD7. 
(2) Upper byte = MDg through MD,s. 


Signature Read Operation 


The existence and type of memory card installed may 
be detected by the system using a signature read cycle. 
The card signature is accessed by applying a high logic 
level to CD and OE and a low to CE and WE. The 
signature word will then be accessible on Do through 
D,5 of the data bus. Table 3 decodes the contents of the 
signature word. 


Figure1. Battery Test Circuit 
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Checking the Battery 


When the internal battery is being used to back up the 
memory, the connector pins should be open. 


The BC pin is used for testing the voltage of the internal 
backup battery (figure 1 shows a diagram of the cir- 
cuit). The battery (type CR2025) may be discharged 
through this pin, and it is therefore advisable for exter- 
nal circuits connected to BC to have an impedance of 1 
MOQ or greater. This impedance level will minimize dis- 
charge during voltage testing and maximize the life of 
the battery. 


New batteries have a voltage of 3 volts. As the battery 
is discharged and voltage drops to 2.5 volts, the battery 
should be replaced within 10 hours. To retain data 
during battery replacement, ensure that Voc is con- 
nected to a + 5-volt source. 


Connectors 


The JC20-E605-F1-A4 memory card connector and 
one of two 60-pin mating connectors (either JC20- 
E60PA-LT1-A4 or JC20-E60PA-LT2-A4, depending on 
the thickness of gold plating required) are available 
directly from either of the following: 


JAE Electronics (Headquarters) 
3-1-9, Wakabadai 

Meguro-ku 

Tokyo, Japan 153 

Telephone: 011-81-3-780-2889 
FAX: 011-81-3-780-2884 


JAE Electronics (USA Sales Office) 
142 Technology Drive, Suite 100 
Irvine, CA 92718 

Telephone: (714) 753-2600 

FAX: (714) 753-2699 


Memory Array 
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Table 3. Signature Read Operation 
Device Dis Dig Dig Diz Day = Dig ~——Dg 


MC-174 Vin Vit WP X X Vin Vit 
MC-176 Vin ViL WP X X Vin Vit 
Notes: 


(1) WP = the status of the write protect switch, where Vj} indicates 
write protection has been enabled and Vy, means it is disabled. 


(2) X can be either Vi, or Vip. 


Absolute Maximum Ratings 


Supply voltage, Voc -0.5 to +7.0V 
Input voltage, Vin (Note 1) -0.5 to Voc + 0.5 
Output voltage, VouT ~-0.5 to Vog + 0.5 
Storage temperature, tgtg —20 to +60°C 
Operating temperature, topr Oto +50°C 
Battery backup operating temperature, tay Oto +50°C 
Notes: 


(1) —3.0 V minimum for 50 ns maximum pulse width. 


Capacitance 
Ta = 25°C; f = 1 MHz; Voc = OV; Vin and Vyo = OV 


Parameter Symbol Max Unit Pins Under Test 


Input Cin 10 pF Addresses, CD, CE, MBS, 
capacitance OE, UB/LB, WE 
Input/output Cyo 35 PF Dg through Dy5 


capacitance 


Notes: 


(1) X can be either Vi_ or Viz. 


Data Bus Control 


UB/LB Ao MBS WE 
VIL VIL Xx ViL 
x Vin x Vit 
Vi VIL X VIL 
Vit Vit ViL Vin 
x Vin Vit ViH 
VIH VIL Vit ViH 
Vit Vit ViH VIH 
x | Vin ViH Vin 
ViH .. MIL ViH Vin 
Notes: | 


(1) X can be either Vy or Vip. 
(2) Lower = MDo through MD7. 
(8) Upper = MDg through MDjs5. 


MC-174/176 


Ds Dy De Ds Dy D3 Do 
Ve OV OV Vic Vit Vit Vi 
Ve OVO inn Vie Ve Vn Vin 


Recommended Operating Conditions 


Parameter Symbol Min Typ 
Supply voltage Voc 4.75 5.0 
Input voltage, low Vib 0 
Input voltage, high Vin 2.3 
Ambient temperature Ta (0) 
Truth Table 
Function Do - Das CE cD 
Standby High-Z Vit Vit 
Read cycle Data out Vin Vit 
High-Z IH ViL 
Write cycle Data-in Vin Vit 
Signature read Data out Vit Vin 
High-Z Vit Vin 
Invalid High-Z Vit Vin 
Prohibited High-Z Vin VIH 
Notes: 


(1) X can be either Vjy or Vj. 


OE Dy5 through Dg 
Vin Upper byte 

Vin Upper byte 

Vin Lower byte 

Vit Upper byte 

VIL Not used 

Vir ' Not used 

Vit Upper byte 

Vib Upper byte 

Vit Lower byte 


D, Do 
Vir Vin 
Vi Vin 
Max Unit 
5.25 Vv 
0.7 Vv 
Voc Vv 
50 °C 
WE OE 
X x 
ViL Vi 
ViL Vit 
Vin Vit 
Vit ViH 
Vib VIL 
Vin VIL 
xX X 


D7 through Do 


Lower byte 
Upper byte 
Lower byte 
Lower byte 
Upper byte 
Lower byte 
Lower byte 
Not used 

Not used 
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DC Characteristics 
Ta = 0 to 50°C; Vog = +5.0 V £5% 


NEC 





Parameter Symbol Min Max Unit Test Conditions 
/O teakage current, high lon 260 PA (Notes 1, 2) 
/O leakage current, low lot “~10 pA (Notes 1, 2) 
Operating supply current loca 140 mA 
Standby supply current Isp 2 mA (Note 3) 
Output voltage, high VouHi Voc — 0.6 lon = -0.1 mA 
Vone Veco - 1.0 V loy = —4.0 mA 
Output voltage, low - VoL 0.4 lo. = 4.0 mA 
Notes: — 
(1) This parameter is periodically sampled and not 100% tested. 
(2) Vin = Voc or GND. . 
(8) CE s 20V and CD < 0.2V. All other pins < 0.2V or = Voc- 
0.2 V or high impedance. 
AC Characteristics 
Ta = Oto 50°C; Vog = +5.0 V +5% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Read Operation 
Address access time taa 250 ns 
CE access time tace 250 ns 
CE to output in high-Z ; tyz 100 ns 
CE to output in low-Z tz 5 ns 
Output enable to output valid tog 120 ns 
Output hold from address change toH 10 ns 
OE to output in high-Z tonz 80 ns 
OE to output in low-Z toLz 5 ns 
Read cycle time treo 250 ns 
Write Operation. 
Address setup time tas ; 20 ns 
Address valid to end of write taw 200 ns 
CE to end of write tow 200 ns 
Data hold time toy 10 ns 
Data valid to end of write tow 100 ns 
Write cycle time two 250 ns 
Write pulse width twp 150 ns 
Write recovery time twr 10 ns 


NV. E Cc MC-174/176 


AC Characteristics (cont) 
Parameter Symbol Min Typ Max Unit Test Conditions 





Signature Read Operation 


Address access time tapi 200 ns 
Card signature access time ton 100 ns 
Card signature to output in high-Z tcp2 90 ns 
OE access time toni 150 ns 
OE to output in high-Z tope 60 ns 
Cycle time top 180 ns 
Notes: 


(1) Input pulse levels = 0.7 to 2.5 V; input pulse rise and fall times = 
5 ns; timing reference levels = 1.5V. See figures 1 and 2 for 
output load. 


Figure 2. Output Load 





83YL-7332B 





Figure 3. Output Load for tyz, toyz and to, z 


83YL-7333B 
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MC-174/176 NE C 


Timing Waveforms 


Read Cycle 


Previous Data Data Output Valid 


Notes: 
(1] CD and WE = Vi 
[2] CE and OE = Viy 


© IIIT KOO 


tHz 


= 
© LILLIE 


tcE tOHZ 


oy an Sn Sass Ouro Vals MYO 


Notes: — 
[1] CD and WE =V 
[2] Address Is valid prior to or coincident with the high transition of CE. 





N: KE Cc | MC-174/176 





Timing Waveforms (cont) 


Write Cycle 


Address, 


UB/LB_ 





NN 


toLz 





: mo 
MMMM} INU 


tp «<—I!DH 


WwW 
Data Input Valid 


High Impedance 
Note [6] = Note [6} 


[1] A write cycle occurs during the overlap of a high CE, a high WE, and a low OE. 
[2] CE or WE must be low during address transition. 

[3] If OE is tow, the I/O pins remain in high impedance. 

[4] During a write cycle, OE must be low prior to the high-to-low transition of WE. 

[5] During a write cycle, MBS must be stable at either a high or low level. 

[6] During this period, the I/O pins may be in the output state; therefore, input signals 


of opposite phase to outputs must not be applied. 
83YL-7310B 
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Timing Waveforms (cont) 





Signature Read Cycle 


top 


ie! AK cristal XX 
tOD1 
TAD1 tcD2 


tCDi top2 


Notes: 
-{1] CE and WE=Vy . 
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4-10 


NEC 


Dynamic RAM Modules 5 


Dynamic RAM Modules 


Section 5 
Dynamic RAM Modules 


MC-157 
262,144 x 8-Bit Dynamic CMOS RAM Module 


MC-41256A8 
262,144 x 8-Bit Dynamic NMOS RAM Module 


MC-421000A8 
1,048,576 x 8-Bit Dynamic CMOS RAM Module 


MC-4241 00A8 
4,194,304 x 8-Bit Dynamic CMOS RAM Module 


MC-41256A9 
262,144 x 9-Bit Dynamic NMOS RAM Module 


MC-421000A9 
1,048,576 x 9-Bit Dynamic CMOS RAM Module 


MC-424100A9 


4,194,304 x 9-Bit Dynamic CMOS RAM Module 


Additional New Product Information 
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5-13 


5-25 


5-39 


5-51 


5-65 


5-81 


Device Number Description 

Dynamic RAM Modules 

MC-42256AE9 256K x 9-bit fast-page SIMM 
MC-424256AE36 256K x 36-bit fast-page SIMM 


MC-424512AE36 
MC-421000A36xD 


512K x 36-bit fast-page SIMM 
1M x 36-bit fast-page SIMM 


MC-424512AA40 512K x 40-bit fast-page SIMM 
McC-421000AA40 1M x 40-bit fast-page SIMM 
MC-422000AA40 2M x 40-bit fast-page SIMM 


NEC 


MC-424256A36 


262,144 x 36-Bit Dynamic RAM Module 


MC-424256A36BH/FH 
262,144 x 36-Bit Dynamic CMOS RAM Module 


MC-424512A36 


5-97 


5-109 


5-123 


524,288 x 36-Bit Dynamic RAM Module 


MC-424512A36BH/FH 
524,288 x 36-Bit Dynamic CMOS RAM Module 


MC-421000A36 
1,048,576 x 36-Bit 
Dynamic CMOS RAM Module 


MC-422000A36 


2.097.152 x 36-Bit 


5-135 


5-147 


5-159 


Dynamic CMOS RAM Module 


Comments 


Three-piece solution, with speeds to 70 ns 
One-inch height, with speeds to 70 ns 
One-inch height, with speeds to 70 ns 
One-inch height, with speeds to 70 ns 
Speeds to 60 ns 

Speeds to 70 ns 

Speeds to 70 ns 


NEC 


NEC Electronics Inc. 


Description 


The MC-157 is a CMOS-fabricated RAM module orga- 
nized as 262,144 words by 8 bits and designed to operate 
from a single +5-volt power supply. Good system oper- 
ating margins are provided by advanced dynamic cir- 
cuitry, including a single-transistor storage cell, multi- 
plexed address buffers and flexible refresh controls. 


The MC-157 is packaged in a Single Inline Memory 
Module (SIMM™) and contains two 1-Mbit 4PD424256 
DRAMs in plastic SOJs and two power supply decou- 
pling capacitors to enhance reliability and reduce the 
size, weight, and cost of a system. Refreshing is accom- 
plished by means of RAS-only refresh cycles, hidden 
refresh cycles, CAS before RAS refresh cycles, or by 
normal read or write cycles on the 512 address combi- 
nations of Ag - Ag during an 8-ms period. 


Features 


QO 262,144-word x 8-bit organization 

QO Single +5-volt + 10% power supply 

QO $tandard 30-pin SIMM packaging 

© Two standard 1-Mbit DRAMs incorporated in 
high-density SOJs 

Two power supply decoupling capacitors 

O Low power dissipation: 11 mW max (standby) 
Q TTL-compatible inputs and outputs 


Oo 


Ordering Information 


Fast-Page 
Part Access Cycle Time 
Number Time (max) (min) Package 
MC-157-10 100 ns 60 ns 30-pin socket 


mountable SIMM 


SIMM is a trademark of Wang Laboratories. 


60028 


MC-157 
262,144 x 8-Bit 


Dynamic CMOS RAM Module 


Pin Configuration 


30-Pin SIMM 


831H-6125A 
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Block Diagram 








83)1H-6126B 


NEC 

















MC-157 
Pin Identification Absolute Maximum Ratings 
Symbol Function Voltage on any pin relative to GND -1.0 to +7.0V 
Ag - Ag Address inputs Operating temperature, Topp, ambient 0 to 70°C 
I/O - VO7 Common data inputs and outputs Storage temperature, Tstg -55 to + 125°C 
CAS Column address strobe Short-circuit output current, log 50 mA 
RAS Row address strobe Power dissipation, Pp 2.0 W 
WE Write enable Exposure to Absolute Maximum Ratings for extended periods may 
GND Ground affect device reliability; exceeding the ratings could cause permanent 
V Leach ; ; damage. The device should be operated within the limits specified 
cc oe pein Sere under DC and AC Characteristics. 
NC No connection 
Recommended Operating Conditions 
Capacitance 
ter bol Mi T M 
Ta = 25°C) f = 1MHz Paramete Sym n yp ax Unit 
i} t 4. F . Vv 
Parameter Symbol Max Unit Pins Under Test Surely voliage Vec 2 iad 58 
Input voltage, high V 2.4 Veo +10 #V 
Input Cix 12 PFs Ag - Ag De ae in OR 
: — ~41, F 
capeclane’: = [Gn 16 ~=OpF.S&RRAS, WE sal i LS 
Cc 16S pFCGSAS Ee ee A 
input/output Cpa 8 pF For I/Og - 1/O7: 
capacitance CAS = Viy to 
disable Doyt 
DC Characteristics 
Ta = Oto 70°C; Vocg = +5.0 V 10%; GND = OV 
Parameter Symbol Min Max Unit Test Conditions 
Operating current, average loc 120 mA RAS, CAS cycling; tac = trac min (Note 5) 
Standby current Ioce2 4.0 mA RAS = CAS = Vin 
2.0 mA RAS = CAS = Voc- 0.2 V: 
Refresh operating current, average loc 120 mA RAS cycling; CAS = Vix; 
tac = tac min (Note 5) 
Fast-page operating current, average loca 100 mA RAS = Viv; CAS cycling; 
tpc = tpc min (Note 5) 
CAS before RAS refresh operating current, locs 120 mA RAS cycling; CAS = Vi; 
average tac = tac min (Note 5) 
Input leakage current hie ~20 20 BA Vin = 0 to Voc; other pins = OV 
Output leakage current lo. -10 10 pA Dout disabled; Vout = Oto Voc 
Output voltage, low VoL 0 0.4 Vv lout = 4.2 mA 
Output voltage, high Von 2.4 Voc Vv lour = -5m 








MC-157 N. i Cc 


AC Characteristics 
Ta = 0 to 70°C; Voc = +5.0 V +10% 














Parameter Sym * Min Max Unit Test Conditions 
Random read or write cycle time tac 190 ns (Note 6) 
Fast-page cycle time tpc 60 ns (Note 6) 
Refresh period ther 8 ms Addresses Ao ~ Ag 
Access time from RAS trac 100 ns (Notes 7, 8, 11) 
Access time from CAS . tcac 25 ns (Notes 7, 9, 10, 11, 13) 
Access time from column address taa 50 ns (Notes 7, 10, 18) 
Access time from CAS precharge tacp 55 ns (Notes 7, 13) 
(rising edge) 
Output buffer turnoff delay torr 0 25 ns (Note 17) 
Rise and fall transition time tr 3 50 ns (Note 4) 
RAS precharge.time trap 80 ns 
RAS pulse width tras 100 10000 ns 
RAS hold time tasu 25 ns 
CAS pulse width tcas 25 10000 ns 
CAS hold time tosH 100 ns 
RAS to GAS delay time taco 25 75 ns (Note 11) 
RAS to column address read time trap 17 50 ns (Note 10) 
CAS to RAS precharge time tcrp 10 ns (Note 12) 
CAS precharge time (non-page cycle) topn 10 ns 
CAS precharge time (fast-page cycle) tcp 10 25 ns (Note 13) 
RAS precharge CAS hold time - tapc 0 ns 
Row address setup time tasra 0 ns 
Row address hold time -_ tRAH 12 ns 
Column address setup time tasc 0 20 ns 
Column address hold time. tCAH 20 ns 
Column address hold time referenced to RAS tar 70 ns 
Column address lead time referenced to RAS tRAL 50 ns 
(rising edge) : 
Read command setup time referenced to taRH 10 ns (Note 14) 
RAS 
Read command hold time referenced to CAS “tROH 0 ns (Note 14) 
Write command hold time ._ twWoH 20 ns 
Write command hold time referenced to RAS twor . 70 ns 
Write command pulse width twe 20 ns 
Write command to RAS lead time tawL 30 ns 





NEC MC-157 


AC Characteristics (cont) 











Parameter Symbol Min Max Unit Test Conditions 
Read command setup time referenced tacs 0 ns 

to CAS 

Write command to CAS lead time tow. 20 ns 

Data-in setup time tos 0 ns (Note 16) 
Data-in hold time tou 20 ns (Note 16) 
Data-in hold time referenced to RAS tour 70 ns 

Write command setup time twos 0 ns 

CAS setup time for CAS before RAS tosr 10 — ns 

refreshing 

CAS hold time for CAS before RAS tour 20 ns 

refreshing 

Notes: 

( 1) All voltages are referenced to GND. (11) Operation within the tacp (max) limit assures that taac (max) 


can be met. tacp (max) is specified as a reference point only; if 
trcp is greater than tacp (max), access time is controlled 
exclusively by tcac. 


( 3) Ac measurements assume ty = 5ns. (12) The tcp requirement should be applicable for RAS/CAS cycles 
( 4) Viq (min) and Vi, (max) are reference levels for measuring timing preceded by any cycle. 


: input signals. Transition times are measured between Vj and (13) For fast-page read operation, access time is as follows. 
IL: 


( 2) Aninitial pause of 100 us is required after power-up, followed by 
any eight RAS cycles before proper device operation is achieved. 








( 5) Ioc1 Ios: loca and Iocs depend on output loading and cycle CAS and Column Address Access Time 
rates. Specified values are obtained with the output open. Ioc3 Input Conditions Definition 
is Measured assuming that all column address inputs are held at or ete Oe ee i tg ie eg ee eg te 
either a high level or a low level during RAS-only refresh cycles. top top (Max), tasc = top CP 
Ioc4 is measured assuming that all column address inputs are tcp = tcp (max), tasc < tcp taa 


switched only once each fast-page cycle. ee pe ne IE Sd ee 
Pe ee siete : tcp = tcp (max), tasc = tasc (max) tAA 
( 6) The minimum specifications are used only to indicate the cycle 


time at which proper operation over the full temperature range tcp = tcp (max), tasc = tasc (max) tcac 
(Ta = Oto +70°C) is assured. 


( 7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF (Voy = 2.0V, 

VoL = 0.8 V). (15) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twos and two must be met. 


(14) Either tany Or tac} Must be satisfied for a read cycle. 


{ 8) Assumes that tacp = tacp (max) and trap = trap (max). If 
tacp OF trap is greater than the maximum recommended value aa 
in this table, trac increases by the amount that tacp or trap (16) These parameters are referenced to the falling edge of CAS for 
exceeds the value shown. early write cycles and to the falling edge of WE for delayed write 

or read-modify-write cycles. 


(17) torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy and Vo,. 


( 9) Assumes that tacp 2 tacp (max) and trap s trap (max). 
(10) IftRrap = trap (max), then the access time is defined by taa. 
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Timing Waveforms 


Read Cycle 





High Impedance ; 
f Valid Data ) 
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NEC MC-157 


Timing Waveforms (cont) 


Write Cycle (Early Write) 





Timing Waveforms (cont) 


Fast-Page Read Cycle 





NEC Mc-157 


Timing Waveforms (cont) 


Fast-Page Write Cycle (Early Write) 





5-9 


MC-157 NV. E C 


Timing Waveforms (cont) 
Hidden Retresh Cycle 


Memory Cycle 
tRC 
tRAS 


High Impedance 


83IH-6131B 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 





CAS Before RAS Refresh Cycle 


High Impedance 


Note: 
[1] WE and Address = don't care 
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NEC Electronics Inc. 


MC-41256A8 
262,144 x 8-Bit 
Dynamic NMOS RAM Module 





Description 


The MC-41256A8 is a 262,144-word by 8-bit NUOS RAM 
module designed to operate from a single +5-volt 
power supply. Advanced dynamic circuitry, including a 
single-transistor storage cell, 1024 sense amplifiers per 
data output, multiplexed address buffers and flexible 
refresh controls, provides good system operating mar- 
gins. 


The MC-41256A8 is functionally equivalent to eight 
UPD41256 standard 256K DRAMs. Refreshing is accom- 
plished by means of RAS-only refresh cycles, hidden 
refresh cycles, CAS before RAS refresh cycles, or by 
normal read or write cycles on the 256 address combi- 
nations of Ap through Az during a 4-ms period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight and cost 
of asystem. The MC-41256A8 includes eight uPD41256s 
in PLCC packages and eight power supply decoupling 
capacitors. 


SIMM is a trademark of Wang Laboratories. 


Features 


262,144-word by 8-bit organization 

Single + 5-volt power supply 

Standard 30-pin SIMM packaging 

Eight 256K DRAMs in high-density PLCC packaging 
Eight power supply decoupling capacitors 

Low power dissipation of 220 mW max (standby) 
TTL-compatible inputs and outputs 

256 refresh cycles every 4 ms 

Page mode 


goood oaaan od 


60115 


Pin Configuration 


30-Pin SIMM 


arin | 


Poet al 


PS a 
nae | 


ios TT 
' l 
4 I 
L L 
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Eo 





14 Ly Ag 
ae 13 C] lO4 
r qT 
L_o_J 12 LJ As 
111 Ag 
10 TJ vO3 


FA 
(ot 
tot 
Lo 






cr 4 
$4 
' | 
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r= 
ho 
to 
bu 
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83-001925A 


Pin Identification 


Symbol Function 

Ao - Ag Address inputs 

YO, - /Og Common data inputs and outputs 
CAS Column address strobe 

RAS Row address strobe 

WE Write enable 

GND Ground 

Voo +5-volt power supply 

NC No connection 
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Block Diagram 


Address 
RAS 


Address 
RAS 
CAS 
WE 
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Absolute Maximum Ratings 


Voltage on any pin relative to GND, V7 -1.0 to +7.0V 
Operating temperature, Topp, ambient Oto +70°C 
Storage temperature, Teta -55 to +125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 8.0 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol 
Input Cia 
capacitance Ga 

Cic 
Input/output Cog 


capacitance 


Max Unit Pins Under Test 

55 pF Ag-Ag 

70 pF _—- RAS, WE 

70 pF CAS 

17 pF —- For W/O, - l/Og: CAS = 


Vin to disable Dout 


Recommended Operating Conditions 





Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 Vv 
Input voltage, low VIL -1.0 0.8 Vv 
Supply voltage Voc 45 50 5.5 Vv 
Ambient temperature Ta 0 70 °C 
Notes: 
(1) Voce = +5.0 V +5% for the —80 version. 

Ordering Information 

Part Number Access Time (max) Read/Write Cycle Time (min) Page Cycle Time (min) Package 


























MC-41256A8B-80 80 ns 160 ns 70 ns 30-pin socket- 

B-10 100 ns 200 ns 100 ns meuntenie 2M 
DC Characteristics 
Ta = Oto +70°C; Voo = +5.0V +10%; GND = OV 
Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 40.0 mA RAS = Vin; Dout = high-Z 
Input leakage current Ii -80 80 UA Vin = 0 V to Voc; other pins = OV 
Output leakage current lot ~10 10 uA Dout disabled; Voyt = 0 V to Voc 
Output voltage, low VoL 0 0.4 V lout = 4.2mA 
Output voltage, high Vou 2.4 Voo Vv louT = -S5 mA 
Notes: 
(1) Voo = +5.0 V 5% for the —80 version. 
AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0V +10% 

MC-41256A8-80 MC-41256A8-10 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Supply voltage Voc 4.75 5.25 45 5.5 Vv 
Operating supply current, average loci 720 640 mA RAS, CAS cycling; tao = 
tre (min); lo = OMA 
(Note 5) 

Operating supply current, locos 640 520 mA RAS cycling; CAS = Vin 


RAS-only refresh cycle, average 


tac = tac (min); lo = O mA 
(Note 5) 
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AC Characteristics (cont) 





MG-41256A8-80 MC-41256A8-10 








Parameter Symbol Min Max Min Max Unit Test Conditions 

Operating supply current, loca 560 480 mA RAS s Vy; CAS cycling; 

page cycle, average tpo = tec (min); lo = O mA 
(Note 5). 

Operating current, CAS before RAS loos 640 520 mA CAS = Vi; RAS cycling; 

refresh cycle, average tac = tac (min); /O = OmA 
(Note 5) 

Random read or write cycle time tao 180 200 ns (Note 6) 

Page cycletime tpo 70 100 ns (Note 6) 

Access time from RAS trac 80 100 ns (Notes 7, 8) 

Access time from CAS tcoac 40 50 ns (Notes 7, 9) 

Output buffer turnoff delay torr 0 20 0 25 ns (Note 10) 

Rise and fall transition time tr 3 50 3 50 ns (Note 4) 

RAS precharge time. tap 70 | 90 ns 

RAS pulse width tras 80 16,000 100 10,000 ns 

RAS hold time tRsH 40 50 ns 

CAS pulse width toas 40 10,000 50 10,000 ns 

CAS hold time tosH 80 100 ns 

RAS to CAS delay time tacp 20 40 - 20 50 ns (Note 11) 

CAS to RAS precharge time tornp 10 10 ns (Note 12) 

CAS precharge time, nonpage cycle topn 25 25 ns 

CAS precharge time, page cycle top 20 40 ns 

RAS precharge CAS hold time trpc f°) 0 ns 

Row address setup time tasR ce) 0 ns 

Row address hold time tRAH 10 10 ns 

Column. address setup time tasc 0 0 ns 

Column address hold time _ toaH 15 15 ns 

Column address hold time referenced tar 55 65 ns 

to RAS i 

Read command setup time tros te) 0 ns 

Read command hold time referenced trRH 10 10 ns (Note 13) 

to RAS 

Read command hold time referenced tRoH 0 0 ns (Note 13) 

to CAS 

Write command hold time twcoH 20 25 ns 

Write command hold time referenced twor 60 75 ns 

to RAS 

Write command pulse width twe 20 15 : ns 

Write command to RAS lead time trwL 20 35 ns 

Write command to CAS lead time tow. 20 35 ns 

Data-in setup time tos ie) 0 ns (Note 14) 

Data-in holdtime = ton 20 25 ns (Note 14) 

Data-in hold time referenced to RAS tpHR 60 75 ns 





5-16 


NEC 


AC Charactertstics (cont) 


MC-41256A8-80 
Max Min Max Unit 


Parameter Symbol Min 
Refresh period tReF 

WE command setup time twos 0 
CAS setup time for CAS before RAS tosr 10 
refresh cycle 

CAS hold time for CAS before RAS tcHR 20 


refresh cycle 


Notes: 
(1) All voltages are referenced to GND. 


(2) Aninitial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


(8) AC measurements assume ty = 5 ns. 


(4) Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vj. 


(5) loc loos: loca, and I¢¢g depend on output loading and cycle 
rates. Specified values are obtained with the output open. 


(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to + 70°C) is assured. 


(7) Output load = 2 TTL loads and 100 pF. 


MC-41256A8 


MC-41256A8-10 


Test Conditions 
4 ms Addresses Ag - A7 
0 ns 
10 : ns 
20 ns 


(8) Assumes that tacp = trop (max). If taop is greater than the 
maximum recommended value shown in this table, taac will 
increase by the amount that trop exceeds the value shown. 


(9) Assumes that tacp = tracp (max). 


(10) torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


(11) Operation within the tacop (max) limit assures that taac (max) 
can be met. taep (max) is specified as a reference point only. If 
trop is greater than the specified trop (max) limit, then access 
time is controlled exclusively by tcac. 


(12) The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(13) Either taay or tacy must be satisfied for a read cycle. 
(14) These parameters are referenced to the leading edge of CAS. 
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Timing Waveforms 


Read Cycle 


a 


tRAH Tasc "CAH 


High Impedance 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Page Read Cycle 
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Timing Waveforms (cont) 


Page Early Write Cycle 
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Timing Waveforms (cont) 
Hidden Refresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
tac tre 
tRAS 


it toaH < 


Ie tase 


High Impedance 
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N; KE C MC-41256A8 


Timing Waveforms (cont) 


RAS-Only Refresh Cycle 





CAS Before RAS Refresh Cycle 


High Impedance 


[1] WE and Address = don't care 
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NEC 1,046,576 x 8-Bit 


NEC Electronics Inc. CMOS Dynamic RAM Module 





Description Pin Configurations 


The MC-421000A8 is a fast-page 1,048,576-word by 
8-bit CMOS dynamic RAM module designed to operate 
from a single +5-volt power supply. Advanced CMOS 
circuitry, including a single-transistor storage cell, 
2048 sense amplifiers per data output, multiplexed 
address buffers and flexible refresh controls, provides 
good system operating margins. 


The MC-421000A8 is functionally equivalent to eight 
uPD421000 standard 1M DRAMs. Refreshing is 
accomplished by means of RAS-only refresh cycles, 
hidden refresh cycles, CAS before RAS refresh cycles, 
or normal read or write cycles on the 512 address 


30-Pin SIMM, MC-421000A8A 


combinations of Ao-Ag during an 8-ms period. eh 
Packaged in a Single Inline Memory Module (SIMM™) 18 Ag 
to enhance reliability and reduce the size, weight and 17 Ag 

cost of a system, the MC-421000A8 includes eight . bs ri 
uPD421000s in SOJ packages and eight power supply 7 14 Ag 

decoupling capacitors. 13 1/04 
SIMM is a trademark of Wang Laboratories. = * 

10 1/03 

Features - 9 GND 
al 8A3 
XO 1,048,576-word by 8-bit organization 7A2 

O Single +5-volt + 10% power supply _ 6 1/02 
O Standard 30-pin Single Inline Memory Module aa 

(SIMM) packaging pe 

LC] Eight 1M dynamic RAMs incorporated in high- 2 CAS 

density SOJ packaging (uPD421000LA) 1Vec 


C1 Eight power supply decoupling capacitors 

C] Low power dissipation: 44 mW standby (max) 

CU TTL-compatible inputs and outputs 

[] 512 refresh cycles (Ag-Ag are refresh address pins) 
O Fast-page capability 


83-004474A 





Ordering Information 


Part Number Column Access Time (max) Row Access Time (max) Fast-Page Cycle Time (min) Package 
MC-421000A8A-70 70 ns 20 ns 45 ns 30-pin leaded SIMM 
A-80 80 ns 20 ns 50 ns 
A-10 100 ns 25 ns 60 ns 
A-12 120 ns 30 ns 70 ns 
MC-421000A8B-70 70 ns 20 ns 45 ns 30-pin socketable SIMM 
B-80 80 ns 20 ns 50 ns 
B-10 100 ns 25 ns 60 ns 
B-12 120 ns 30 ns 70 ns 
Notes: 


(1) Contact your NEC sales representative for a copy of the MC-421000A8A-70 and MC-421000A9B-70 data sheets. 
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MC-421000A8 


Pin Configurations (cont) 


30-Pin SIMM, MC-421000A8B 


30 Vcc 
29 NC 
28 NC 
27 RAS 
26 NC 
25 1/Og 
24NC 
23 1/07 
22 GND 
21 WE 
20 1/O6 
19 NC 
18 Ag 
17 Ag 
16 1/05 
15 AZ 
14 Ag 
13 1/04 
12 A5 
11 Ag 
10 1/03 
9GND 
8 Ag 
7A2 
6 1/02 
5 A1 
4Ao0 
31/04 
2 CAS 
1Vcc 
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NEC 


Pin Identification 


Symbol 
Ao-Ag 
1/04-1/0g 
RAS 
CAS 

WE 

GND 

Voc 

NC 


83-004475A 


Function 

Address inputs 

Common data inputs/outputs 
Row address strobe 

Column address strobe 

Write enable 

Ground 

+5-volt power supply 

No connection 


NEC MC-421000A8 


Block Diagram 















| DIN DouT 
LF T 
Ao-Ag 









Din DouT 


83-004476C, 
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MC-421000A8 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 
Operating temperature, Topr 
Storage temperature, TsT¢ 
Short-circuit output current, los 
Power dissipation, Pp 


—1.0 to +7.0V 
0 to +70°C 
—55 to +125°C 
50 mA 

8.0W 


Comment: Exposure to Absolute Maximum Ratings for extended 
periods may affect device reliability; exceeding the ratings could 
cause permanent damage. The device should be operated within the 
limits specified under DC and AC Characteristics. 


DC Characteristics 


Ta = 0 to +70°C; Voc = 5.0 V +10%; GND =0V 


Parameter Symbol 
Supply voltage Voc 
Input voltage, high Vin 
Input voltage, low VIL 
Standby current lcc2 
Input leakage current lie 


Output leakage current — Io, 
Output voltage, low VoL 
Output voltage, high Vou 
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Limits 
Min Typ Max 
45 5.0 5.5 
2.4 Vec + 1.0 

—1.0 0.8 
24 

8 

—80 80 
—10 10 
0 0.4 
24 Voc 


Capacitance 

Ta = 25°C; f= 1 MHz 

Parameter Symbol Max 
Input capacitance Cy 60 
Input/output Cp 15 


capacitance 


Unit Test Conditions 


mA — RAS = CAS = Vy (min) 
mA . RAS=CAS> Vcc -0.2 V 


NEC 


Unit Pins Under Test 
pF —_Ao-Ag, RAS, CAS, WE 
pF 1/04-1/0g 


uA For Ag-Ag, RAS, CAS, WE: Viy = 0 to 5.5 V; other pins = 0 V 
HA For 1/04-1/0g: Doyt disabled; Voyt = 0 to 5.5 V 


V lout = 4.2 MA 
V louT = —5 MA 


NEC | MC-421000A8 


AC Characteristics 
Ta = 0 to +70°C; Vog = 5.0 V £10% 








Limits 

MC-421000A8-80 MC-421000A8-10 MC-421000A8-12 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, average loca 560 480 400 mA _ RAS, CAS cycling; tac = tac min (Note-5) 
Refresh operating current, lec3 560 480 400 mA RAS cycling; CAS = Vin; tac = tr min: 
average io = 0 mA (Note 5) 
Fast-page operating loca 480 400 320 mA RASS Vi; CAS cycling: tpc = tpg min; 
current, average io = 0 mA (Note 5) 
Operating current, CAS before lcs 560 480 400 MA trac = tac min; lp =O mA 
RAS refreshing, average (Note 5) 
Random read or write tre 160 190 220 ns (Note 6) 
cycle time 
Fast-page cycle time tpc 50 60 70 ns (Note 6) 
Refresh period tReF 8 8 8 ms 
Access time from RAS trac 80 100 120 ns (Notes 7, 8) 
Access time from CAS tcac 20 25 30 ns —_ (Notes 7, 9, 10, 11) 
(falling edge) 
Access time from tan 45 50 60 ns (Notes 7, 10, 11) 
column address 
Access time from CAS tacp 45 55 65 ns (Notes 7, 11) 
precharge (rising edge) 
Output buffer turnoff delay torr 0 20 0 25 0 30 ns (Note 12) 
Transition time (rise and fall) ty 3 50 3 50 3 50 ns (Note 4) 
RAS precharge time trp 70 80 90 ns 
RAS pulse width tras 80 10000 100 10000 120 10000 ns 
Fast-page RAS pulse width trasp 80 100000 100 100000 120 100000 os 
RAS hold time trsy 20 25 30 ns 
CAS pulse width tcas 20 10000 25 10000 30 10000 ns 
CAS hold time tosH 80 100 120 ns 
RAS to CAS delay time trop 25 60 2 86975 (5 90 ns (Note 13) 
CAS to RAS precharge time tcrp 10 10 10 ns (Note 14) 
CAS precharge time tcpn 10 10 15 ns 
(non-page cycle) 
Fast-page CAS top 10 20 10 25 15 30 ns (Note 11) 
precharge time 
RAS precharge CAS hold time —_tapc 0 0 0 ns 
Row address setup time tasR 0 0 0 ns 
Row address hold time tRaH 12 12 5 ns 
RAS to column address trap 7 = 35 7 50 2 °& 60 ns (Note 10) 
delay time 
Column address setup time tase 0 20 0 20 0 25 ns (Note 11) 
Column address hold time tcaH 20 20 25 ns 
Column address hold time tar 60 70 85 ns 


referenced to RAS 
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MC-421000A8 


AC Characteristics (cont) 


Ta= 


0 to +70°C; Vec = 5.0 V +10% 


NEC 





Limits 
MC-421000A8-80 MC-421000A8-10 MC-421000A8-12 


Max 


twes 0 0 


Parameter Symbol Min Max Min 
Column address lead time tRAL 45 55 
referenced to RAS (rising edge) 
Read command setup time trcs 0 0 
Read command hold time tRRH 10 10 
referenced to RAS 
Read command hold time tRCH 0 0 
referenced to CAS 
Write command hold time twcH 15 20 
Write command hold __ twer 55 70 
time referenced to RAS 
Write command pulse width twp 5 20 
Write command to tRWL 25 30 
RAS lead time 
Write command to CAS lead ~~ tcwr. 15 20 
time 
Data-in setup time tps 0 0 
Data-in hold time tbH 20 20 
Data-in hold time referenced toHR 60 70 
to RAS 
Write command setup time 
CAS setup time for CAS tosr 10 10 
before RAS refreshing 

tcuR 15 20 


Min Max Unit Test Conditions 
65 ns 

0 ns 

10 ns (Note 15) 
0 ns (Note 15) 
25 ns 

85 ns 

25 ns (Note 16) 
35 ns 

25 ns 

0 ns (Note 17) 
25 ns (Note 17) 
85 ns 

0 ns 

10 ns (Note 18) 

25 ns___ (Note 18) 


CASholdtimeforCAS tua 1 oO 25  . ns (Noel) 
before RAS refreshing 


Notes: 


(1) 
(2) 


All voltages are referenced to GND. 


An initial pause of 100 us is required after power-up, followed 


by any eight RAS cycles before proper device operation is 
achieved. 


Ac measurements assume ty = 5 ns. 


Vin (min) and Vj_ (max) are reference levels for measuring 
timing of input signals. Transition times are measured between 
Vin and Vic. 


Ioc1; loca: |oc4, and Iocs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or alow level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once each fast-page cycle. 


5-30 


(6) 


(7) 


(8) 


(9) 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


Load = 2 TTL (—1 mA, +4 mA) loads and 100 pF (VoH = 2.0 V, 
Vor = 0.8 V). 


Assumes that tacp S trop (max) and trap Strap (max). If tacp 
or trap is greater than the maximum recommended value in this 
table, tpac increases by the amount that tacp or trap exceeds 
the value shown. 


Assumes that trop 2 tacp (max) and trap <= trap (max). 


NEC 


Notes [cont]: 
(10) If taap = trap (max), then the access time is defined by taa. 
(11) For fast-page read operation, the definition of access time is as 


follows. 
CAS and Column Address Access Time 
Input Conditions Definition 
top = tcp (max), tasc = top tacp 
tcp S tcp (max), tasc S top taa 
tcp = tcp (max), tasc S tasc (max) taa 
top = tcp (max), tasc = tasc (max) tcac 


(12) torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or Vo_. 


(13) Operation within the tacp (max) limit assures that trac (max) 
can be met. tacp (max) is specified as a reference point only; 
if tacp is greater than tacp (max), access time is controlled 
exclusively by tcac. 


(14) Thetcrp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(15) Either tray or tacH must be satisfied for a read cycle. 
(16) For early write operation, both twos and two must be met. 


(17) These parameters are referenced to the falling edge of CAS for 
early write cycles. 


(18) CAS before RAS operation is specified. 


MC-421000A8 
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Timing Waveforms 


Read Cycle 





NEC MC-421000A8 


Timing Waveforms (cont) 


Write Cycle (Early Write) 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


High Impedance 


DouT 


Note: 
{1] WE, Address: Don’t Care. 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 





tRSH 
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Timing Waveforms (cont) 


Fast-Page Write Cycle (Early Write) 





NEC MC-424100A8 
4,194,304 x 8-Bit 


NEC Electronics Inc. 3 Dynamic CMOS RAM Module 


Description Pin Configurations 


The MC-424100A8 is a fast-page 4,194,304-word by 8-bit 30-Pin Leaded SIMM 
dynamic RAM module designed to operate from a 
single +5-volt power supply. Advanced CMOS cir- 
cuitry, including a single-transistor storage cell, multi- 
plexed address buffers and flexible refresh controls, 
provides good system operating margins. 


The MC-424100A8 is functionally equivalent to eight 
UPD424100 standard 4M DRAMs. Refreshing is accom- 
plished by means of RAS-only refresh cycles, hidden 
refresh cycles, CAS before RAS refresh cycles, or by 
normal read or write cycles on the 1024 address com- 
binations of Ag through Ag during a 16-ms period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. The SIMM includes eight uPD424100s in 
SOJ packages and eight power supply decoupling 
capacitors. 


SIMM is a trademark of Wang Laboratories. 


Features 


QO 4,194,304-word by 8-bit organization 

QO Single + 5-volt +10% power supply 

QO Standard 30-pin Single Inline Memory Module 
(SIMM) packaging 

O Eight 4M dynamic RAMs incorporated in high- 

density SOJ packaging (uPD424100LA) 

Eight power supply decoupling capacitors 

Low power dissipation: 44 mW standby (max) 

TTL-compatible inputs and outputs 

1024 refresh cycles every 16 ms 

Fast-page capability 


8 
7 
6 
5 
4 
3 
2 
1 
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Ordering Information 


Part Number Column Access Time (max) Row Access Time (max) Fast-Page Cycle Time (min) Package 

MC-424100A8A-80 80 ns 20 ns 50 ns 30-pin leaded SIMM 
A-10 100 s 25 ns 60 ns 

MC-424100A8B-80 80 ns 20 ns 50 ns 30-pin socket-mountable 
B-10 100 ns 25 ns 60 ns ain 
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Pin Configurations (cont) 


30-Pin Socket-Mountable SiIMM 
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11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 





Pin Identification 





Name Function 

Ag - Aio Address inputs 

CAS Column address strobe 

YO, - /Og Common data inputs and outputs. 
RAS Row address strobe 

WE Write enable 

GND Ground 

Voc + 5-volt power supply 

NC No connection 


Absolute Maximum Ratings . 


Voltage on any pin relative to GND - =1.0to +7.0V 
Operating temperature, Topr Oto +70°C 
Storage temperature, Tstg ~55 to + 125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp , 8.0W 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the.ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 





Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 V 
Input voltage, low Vit -1.0- — 0.8 V 
Supply voltage Veco 45 5.0 5.5 Vv 
Ambient temperature Ta 0 70 °C 
Capacitance 

Ta = 25°C; f = 1 MHz 

Parameter Symbol! Max Unit Pins Under Test 

Input capacitance Cy 60 pF Address, RAS, CAS, WE 
Input/output Cro 15 pF 1/04 through I/Og 
capacitance 





NEC 


MC-424100A8 





Block Diagram 


Address 
RAS 
CAS 

WE 


Din Dout 
L Vcc GND 
Address 


DIN 
i Voc 


DouT 
GND F 


C1 through C8 


WE 


Vcc GND 


= 
[ Din Dourt 


Address 


CAS 


Din Pour 
i Vcc GND i 


Din DouT 
fi Vcc GND i 
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DC Characteristics 
Ta = OtO +70°C; Vog = +5.0 V +10% 











Parameter Symbol Min Max Unit Test Conditions 
Standby current loce 16 mA RAS = CAS = Vin (min) 
8 mA RAS = CAS = Voc -0.2V 
Input leakage current “hay -80 80 pA For addresses, RAS, CAS and WE: Viy = 0 V to 
Voc; all other pins not under test = 0 V 
Output leakage current low -10 10 BA Dour disabled; Voy7 = 0 V to Voc 
Output voltage, low VoL 0.4 Vv lo. = 4.2 mA 
Output voltage, high Vou 2.4 Vv lon = -5 MA 


AC Characteristics 
Ta = Oto +70°C; Vog = +5.0 V +10% 


MC-424100A8-80 MC-424100A8-10 








Parameter Symbol Min Max Min Max Unit Test Conditions 

Operating current, average Ioc1 720 640 mA RAS and CAS cycling; tac = 
tac min; lo = 0 mA (Note 5) 

Operating current, RAS-only refresh Ioc3 720 640 mA RAS cycling; CAS = Vip; 

cycle, average tac = tac min; lo = OMA 
(Note 5) 

Operating current, fast-page cycle, loca 560 480 mA RAS < V,; CAS cycling; 

average tpc = tpc min; lo = OMA 
(Note 5) 

Operating current, CAS before RAS locs 720 640 mA RAS cycling; CAS before RAS; 

_ tefresh cycle, average tac = tac min; lo = OMA 

(Note 5) 

Access time from column address tana 40 50 ns (Notes 7, 9) 

Access time from CAS precharge tacp 45 55 ns (Notes 7, 9) 

(rising edge) 

Column address setup time tasc 0 0 ns 

Row address setup time tasR 0 0 ns 

Access time from CAS (falling edge) tcac 20 25 ns (Notes 7, 9) 

Column address hold time tcaH 15 20 ns 

CAS pulse width tcas 20 10,000 25 10,000 ns 

CAS hold time for CAS before RAS tour 15 20 ns 

refresh cycle 

CAS to output in low impedance tcLz 0 0 ns (Note 7) 

CAS precharge time, fast-page cycle top 10 10 ns 

CAS precharge time, nonpage cycle tcpn 10 , 10 ns 

CAS to RAS precharge time tcorp 10 10 ns (Note 12) 

CAS hold time tosp 80 100 ns 

CAS setup time for CAS before RAS tcsr 10 10 ns 

refresh cycle 

Data-in hold time toH 15 20 ns (Note 15) 

Data-in setup time tos 0 0 ns (Note 15) 

Output buffer turnoff delay torr 0 20 0 25 ns (Note 10) 

Fast-page cycle time tec 50 60 ns (Note 6) 
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AC Characteristics (cont) 








MC-424100A8-80 MC-424100A8-10 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Access time from RAS trac 80 100 ns ___ (Notes 7, 8) 
RAS to column address delay time trap 17 40 17 50 ns _—_ (Note 9) 
Row address hold time tRAH 12 12 ns 
Column address lead time referenced tRAL 40 50 ns 
to RAS (rising edge) 
RAS pulse width tras 80 10,000 100 10,000 ns 
RAS pulse width, fast-page cycle trasp 80 125,000 100 125,000 ns 
Random read or write cycle time tac 160 190 ns {Note 6) 
RAS to CAS delay time tacp 25 60 25 75 ns __—_ (Note 11) 
Read command hold time referenced tacH 0 0 ns (Note 13) 
to CAS 
Read command setup time trcs 0 0 ns 
Refresh period tReF 16 16 ms Addresses Ag through Ag 
RAS precharge time trp 70 80 ns 
RAS precharge CAS hold time trec 10 10 ns 
Read command hold time referenced taRH 10 10 ns (Note 13) 
to RAS 
RAS hold time tas 20 25 ns 
Rise and fall transition time ty 3 50 8 50 ns (Note 3) 
Write command hold time twou 15 20 ns 
Write command setup time twos 0 0 ns (Note 16) 
WE hold time twHr 15 20 ns 
Write command pulse width twp 15 20 ns (Note 14) 
WE setup time twsr 10 10 ns 
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NEC 





Notes: 


(1) 
(2) 


(3) 
(4) 


(§) 


(6) 


(7) 
(8) 


(9) 
(10) 
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All voltages are referenced to GND. 


An initial pause of 100 us is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved, At the end of the initial power-up sequence, it is 
recommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE = Vj; to ensure normal 
operation. 


AC measurements assume ty = 5ns. 


Vin (min) and Vy (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vi. 


loci; loca: loca, and Iocs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
Ioc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto +70°C) is assured. 


Load = 2TTL +1 mA, +4 mA) loads and 100 oF (VoH = 2.0V, 
VoL = 0.8 V). 

Assumes that tacp = tacp (max) and trap = trap (max). If 
tacp Or trap is greater than the maximum recommended value 


in this table, tnac increases by the amount that tacp or trap 
exceeds the value shown. 


lftpap 2 trap (max), then the access time is defined by taa. 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


(11) 


(12) 


(13) 
(14) 


(15) 


(16) 


(17) 


Operation within the tacp (max) limit assures that taac (max) 
car be met. tacp (max) is specified'as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 
exclusively by tcac. 


The tcrp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either tary Or tac} Must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write opeele: 
both twcs and twox must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twos; tawp: tcwp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. Iftwos 2 twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftcwp = tcwp 
(min), tawo 2 tawp (min), and tawp 2 tawp (min), the cycle is 
a read-write cycle and the data output will contain data read from 
the selected cell. If neither of the above conditions is met, the 
condition of the data output pin (at access time and until CAS 
returns to Vj.) is indeterminate. 


A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at ViL- This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. Its therefore 
recommended that while WE is held at Vin: either.a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 


N: KE Cc MC-424100A8 


Timing Waveforms 


Read Cycle 












- High impedance 
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Timing Waveforms (cont) 


Early Write Cycle 





N. E Cc MC-424100A8 


Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


1] WE 2 Vip. 





CAS Before RAS Refresh Cycle 


High Impedance 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle —— CAS Before RAS Cycle CAS Before RAS Cycle 


tre 


Column 
pdateas Address 


High Impedance 
= Valid Data 


831H-5703B 
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NEC MC-41256A9 
262,144 x 9-Bit 


NEC Electronics Inc. Dynamic NMOS RAM Module 


Description Pin Configuration 


The MC-41256A9 is a 262,144-word by 9-bit DRAM mod- _ 39_pin suming 
ule designed to operate from a single + 5-volt power 
_ supply. Advanced dynamic NMOS circuitry, including a 
single-transistor storage cell, 1024 sense amplifiers per 
data output, multiplexed address buffers and flexible 
refresh controls, provides good system operating mar- 
gins. 





| re | 


The MC-41256A9 is functionally equivalent to eight 
HPD41256 standard 256K DRAMs with a parity bit. 
Refreshing is accomplished by means of RAS-only re- 
fresh cycles, hidden refresh cycles, CAS before RAS 
refresh cycles, or by normal read or write cycles on the 
256 address combinations of Ag through A7 during a 
4-ms period. 


as | 


a | 
bash 
Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. The MC-41256A9 includes nine pPD41256s 
in PLCC packages and nine power supply decoupling 
capacitors. 


a 
oad 





re 21 


SIMM is a trademark of Wang Laboratories. 





rq - 4 le | ine | io ion 
1 ot boot t 1 | 1 I 
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Features 


262,144-word by 9-bit organization 

Single + 5-volt power supply 

Standard 30-pin SIMM packaging 

Nine 256K DRAMs in high-density PLCC packaging 
Nine power supply decoupling capacitors 

Low power dissipation of 248 mW max (standby) 
TTL-compatible inputs and outputs 

256 refresh cycles every 4 ms 

Page-mode capability 
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Ordering Information 


Part Number Access Time (max) Read/Write Cycle Time (min) Page Cycle Time (min) Package 
MC-41256A9B-80 80 ns 160 ns 70 ns 30-pin socket-mountable SIMM 
B-10 100 ns 200 ns 100 ns 


60116 New speed of 70 ns will be available in 1991. 5-51 
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Block Diagram 





Address 
RAS 
CAS 

WE 


VO4 
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E 
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ress 
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MC-41256A9 
Pin Identification Absolute Maximum Ratings 
Symbol Function Voltage on any pin relative to GND, V7 -1.0to +7.0V 
Ag - Ag Address inputs Operating temperature, Topa 0 to +70°C 
VO, - /Og Common data inputs/outputs Storage temperature, Tstg -55 to +125°C 
Ding Data input 9 Short-circuit output current, log 50 mA 
DouTg Data output 9 Power dissipation, Pp 9.0W 
CAS Column address strobe Exposure to Absolute Maximum Ratings for extended periods may 
CAS g Column address strobe for data output 9 affect device reliability; exceeding the ratings could cause: perma- 
BAS Raw addioss sticks nent damage. The device should be operated within the limits 
= specified under DC and AC Characteristics. 
WE Write enable 
GND Ground Capacitance 
Voc +5-volt power supply Ta = Oto +70°C; f = 1 MHz 
NC ‘ Kis connestion Parameter Symbol Max Unit Pins Under Test 

Input Cia 60 pF Ao - Ag 
Recommended Operating Conditions Pep eoltanee * Cig 75 pF RAS, WE 
Parameter Symbol Min Typ Max Unit Cic 70 pF CAS 
Input voltage, high ViH 2.4 Voc + 1.0 V Cieg 13 pF CASg 
Input voltage, low Vit -1.0 08 V Cine 10 pF Ding 
Supply voltage Voo 45 5.0 5.5 V Input/output Cyo 17 pF For I/O, - /Og: CAS = 
Ambient temperature Ty ) 70 C capacitance Vin to disable Dour 
Capacitance 

Notes: 


(1) Voc = +5.0 V £5% for the -80 version. 


DC Characteristics 
Ta = 0 to +70°C; GND = OV 


Parameter Symbol Min Typ Max 
Standby current loca 45 
Input leakage current Iie -90 90 

lito -10 10 
Output leakage current lo 10 10 

loto -10 10 
Output voltage, low VoL 0.4 
Output voltage, high VoH 2.4 


Output 
capacitance 


For Doytg: CAS9 = 
Vin to disable Doyts 


Couts 12 pF 


Unit Test Conditions 
mA RAS = Vin; Dout = high-Z 


LA For Ag - Ag, RAS, CAS and WE: Vin = 0 V to Voc; 
all other pins = OV 


uA For CASg and Ding: Vin = 0 V to Voc; other pins = OV 
uA For I/O - /Og: Dout disabled; Vout = OV toVoc 


HA For Doytg: Doutg disabled; Voyy = OV toVoc 
Vv lout = 4.2 mA 
Vv lout = -5 mA 
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AC Characteristics 
Ta = Oto +70°C 








MC-41256A9-80 MC-41256A9-10 





Parameter Symbol Min Max Min Max Unit Test Conditions 

Supply voltage Voc 4.75 5.25 45 5.5 V 

Operating supply current, average locos 810 720 mA RAS, CAS cycling; 
tro = trac (min); lo = OMA 
(Note 5) 

Operating supply current, loc3 720 585 mA RAS cycling; CAS = Viy; 

RAS- only refresh cycle, average tro = tro (min); lp = OmA 
(Note 5) 

Operating supply current, loca 630 540 mA RAS < Vi; CAS cycling; 

page cycle, average tec = tpc (min); lo = OmA 
(Note 5) 

Operating current, CAS before RAS locs 720 585 mA CAS < Vj; RAS cycling; 

refresh cycle, average tno = tre (min); VO = OmA 
(Note 5) 

Random read or write cycle time tro 180 200 ns (Note 6) 

Read-write cycle time trawec 185 240 ns (Notes 6, 16) 

Page cycle time _ tpe 70 100 ns (Note 6) 

Access time from RAS trac 80 100 ns (Notes 7, 8) 

Access time from CAS tcac 40 50 ns (Notes 7, 9) 

Output buffer turnoff delay torr fe) 20 0 25 ns (Note 10) 

Rise and fall transition time ty 3 50 3 50 ns (Note 4) 

RAS precharge time trp 70 90 ns 

RAS pulse width tras 80 16,000 100 10,000 ns 

RAS hold time trsH 40 50 ns 

CAS pulse width tcas 40 10,000 50 10,000 ns 

CAS hold time tosH 80 100 ns 

RAS to CAS delay time trop 20 40 20 50 ns (Note 11) 

CAS to RAS precharge time tcorp 10 10 ns (Note 12) 

CAS precharge time, nonpage cycle topn 25 25 ; ns 

CAS precharge time, page cycle top 20 40 ns 

RAS precharge CAS hold time - treo 0 0 ns 

Row address setup time tase 0 0 ns 

Row address hold time tRAH 10 10 ns 

Column address setup time tasc 0 0 ns 

Column address hold time tcaH 15 15 ns 

Column address hold time referenced taR 55 65 ns 

to RAS 

Read command setup time tres 0 0 ns 

Read command hold time referenced tRRH 10 10 ns (Note 13) 

to RAS 

Read command hold time referenced tacH ie) 0 ns (Note 13) 

to CAS 

Write command hold time twcoH 20 25 ns 


NEC 


AC Characteristics (cont) 
MC-41256A9-80 MC-41256A9-10 
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Parameter Symbol Min Max Min Max Unit Test Conditions 
Write command hold time referenced twor 60 75 ns 

to RAS 

Write command pulse width twp 20 15 ns 

Write command to RAS lead time trwL 20 35 ns 

Write command to CAS lead time towL 20 35 ns 

Data-in setup time tps 0 ie) ns. (Note 14) 

Data-in hold time toH 20 25 ns (Note 14) 

Data-in hold time referenced to RAS tpHR 60 75 ns 

Refresh period trer 4 ms Addresses Ag - A7 
WE command setup time twes 0 ce) ns (Notes 15, 16) 
CAS to WE delay towp 40 50 ns (Notes 15, 16) 
RAS to WE delay trwo 80 100 ns (Notes 15, 16) 
CAS setup time for CAS before RAS tosr 10 10 ns 

refresh cycle 

CAS hold time for CAS before RAS tcHR 20 20 ns 


refresh cycle 





Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(7) 
(8) 


(9) 
(10) 


All voltages are referenced to GND. 


An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


AC measurements assume tr = 5 ns. 


Vin (min) and Vy (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and ViL 


loot: loos: loo4, and Ios depend on output loading and cycle 
rates. Specified values are obtained with the output open. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to + 70°C) is assured. 


Output load = 2 TTL loads and 100 pF 


Assumes that tacp = trop (max). If trop is greater than the 
maximum recommended value shown in this table, trac will 
increase by the amount that tacp exceeds the value shown. 


Assumes that tacp 2 tacp (max) 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or Voz. 


~ (11) 


(12) 


Operation within the trop (max) limit assures that trac (max) 
can be met. tacp (max) is specified as a reference point only. If 
trop is greater than the specified taop (max) limit, then access 
time is controlled exclusively by toac. 


The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(13) Either tany or tacy must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS in 


(15) 


(16) 


early write cycles and to the leading edge of WE in delayed write 
or read-modify-write cycles. 


For Douto; twes: tewp, and tawp are restrictive operating 
parameters in read-write and read-modify-write cycles only. If 
twos = twcs (min), the cycle is an early write cycle and the 
data output will remain open-circuit throughout the entire cycle. 
If tcwp = tcowp (min) and tawp 2 trwp (min), the cycle is a 
read-write cycle and the data output will contain data read from 
the selected cell. If neither of the above conditions is met, the 
condition of DoyT g (at access time and until CASg goes back to 
Vin) is indeterminate. 


The execution of read-write/read-modify-write cycles is con- 
trolled by CASg because of its separate data input and output 
pins. Therefore, only one device (of the nine packaged on the 
SIMM) can execute read-write/read-modify-write cycles. 
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Timing Waveforms — 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 
Read-Write/Read-Modify-Write Cycle (Doyrg only) 
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Timing Waveforms (cont) 
Hidden Retresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


High Impedance 


(1) WE and Address = don't care. 


RAS-Only Refresh Cycle 


High Impedance 
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Timing Waveforms (cont) 


Page Read Cycle 
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Timing Waveforms (cont) 


Page Early Write Cycle 
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Timing Waveforms (cont) 


Page Read-Write/Read-Modify-Write Cycle (Doyrg only) 
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NEC Electronics Inc. 


Description 


The MC-421000A9 is a fast-page, 1,048,576-word by 
9-bit CMOS dynamic RAM module, designed to operate 
from a single +5 volt power supply. Advanced CMOS 
circuitry, including a single-transistor storage cell, 
2048 sense amplifiers per data output, multiplexed 
address buffers and flexible refresh controls, provides 
good system operating margins. 


The MC-421000A9 is functionally equivalent to eight 
“uPD421000 standard 1M DRAMs plus a parity bit. 
Refreshing is accomplished by performing RAS-only 
refresh cycles, hidden refresh cycles, CAS before RAS. 
refresh cycles, or normal read or write cycles on the 512 
address combinations of Ap-Ag during an 8-ms period. 


The Single Inline Memory Module (SIMM™) package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
nine w~PD421000s in SOJ packages and nine power 
supply decoupling capacitors. 


SIMM is a trademark of Wang Laboratories. 


Features 


01 1,048,576-word by 9-bit organization 

Single +5 V + 10% power supply 

Standard 30-pin Single Inline Memory Module 
(SIMM) packaging 

C1 Incorporates nine 1M dynamic RAMs in high-density 
SOJ packaging (uPD421000LA) 

LC] Includes power supply decoupling capacitors 

LC Low power dissipation: 49.5 mW standby (max) 

1) TTL-compatible I/O 

LC) 512 refresh cycles (Ap-Ag are refresh address pins) 
LC) Fast-page capability 


Oo 





Ordering Information 





MC-421000A9 
1,048,576 x 9-Bit 
CMOS Dynamic RAM Module 


Pin Configurations 


30-Pin SIMM, MC-421000A9A 





83-004344A 


Part Number Row Access Time (max) Column Access Time (max) Fast-Page Cycle Time (min) Package 
MC-421000A9A-70 70 ns 20 ns 45 ns 30-pin leaded SIMM 
A-80 80 ns 20 ns 50 ns 
A-10 100 ns 25 ns 60 ns 
A-12 120 ns 30 ns 70 ns 
MC-421000A9B-70 70 ns 20 ns 45 ns 30-pin socketable SIMM 
B-80 80 ns 20 ns 50 ns 
B-10 100 ns 25 ns 60 ns 
B-12 120 ns 70 ns 65 ns 
Notes: 


(1) Contact your NEC sales representative for a copy of the MC-421000A9A-70 and MC-421000A9B-70 data sheets. 


60075 (NECEL-954) 


5-65 


MC-421000A9 


Pin Configurations (cont) 


30-Pin SIMM, MC-421000A9B 


8 
7 
6 
5 
4 
3 
2 
1 
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Pin Identification 


Symbol Function 

Ap-Ag Address inputs 

1/04-1/0g Common data inputs/outputs 
Ding Data input 9 

Dout 9 Data output 9 

RAS Row address strobe 

CAS Column address strobe 

CASg Column address strobe for data output 9 
WE Write enable 

GND Ground 

Vec +5-volt power supply 

NC No connection 
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Block Diagram 
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MC-421000A9 


Absolute Maximum Ratings 
Voltage on any pin relative to GND 


Operating temperature, Top 


Storage temperature, Tstg 
Short-circuit output curren 
Power dissipation, Pp 


t los 


—1.0 to +7.0V 


0 to +70°C 


—55 to +125°C 


50 mA 
9.0 W 


Comment: Exposure to Absolute Maximum Ratings for extended 
periods may affect device reliability; exceeding the ratings could 
cause permanent damage. The device should be operated within the 


limits specified under DC and AC Characteristics. 


DC Characteris 


Ta = 0 to +70°C; Voco = 5 V 410%; GND =0V 


Parameter 

Supply voltage 
Input voltage, high 
Input voltage, low 
Standby current 


Input jeakage current 
Input leakage current 
Output leakage current 
Output voltage, low 
Output voltage, high 
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tics 


Symbol 
Voc 
Vin 
Vit 
loca 


lig 
low 
VoL 
VoH 


Min 
45 
2.4 
-1.0 


Limits 
Typ 
5.0 


Max 
5.5 
Vec + 1.0 
0.8 
27 


90 
10 
10 
0.4 


Voc 


Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol 
Input capacitance Cy 

Cia 
Input/output Cp 
capacitance 


Output capacitance Co 


Unit 


Test Conditions 


RAS = CAS = Vin 


Max 


RAS = CAS = Voc -0.2 V 
For Ag-Ag, RAS, CAS, WE: Viy = 0 to 5.5 V; other pins = 0 V 
For CASg, Din 9; Vin = 0 to 5.5 V; other pins = 0 V 

For 1/04-1/0g and Doyt 9: Dout disabled; Voyt = 0 to 5.5 V 


lout = 4.2 mA 
lout = —5 MA 


Unit 
pF 
pF 
pF 


pF 


NEC 


Pins Under Test 

AgrAg, RAS, CAS, WE 
CASg, Ding 

1/04-1/0g 


Dout 9 


NEC 


AC Characteristics 


Ta = 0 to +70°C; Voc = 5.0 V +10% 


Parameter 
Operating current, average 


Operating current, refresh 
cycle, average 


Fast-page operating 
current, average 


Operating current, CAS before 
RAS refreshing, average 


Random read or write 
cycle time 


Read-write cycle time 
Fast-page cycle time 
Refresh period 

Access time from RAS 


Access time from CAS (falling 
edge) 


Access time from 
column address 


Access time from CAS 
precharge (rising edge) 


Output buffer turnoff delay 
Transition time (rise and fall) 
RAS precharge time 

RAS pulse width 

Fast-page RAS pulse width 
RAS hold time 

CAS pulse width 

CAS hold time 

RAS to CAS delay time 

CAS to RAS precharge time 


CAS precharge time 
(non-page mode) 


Fast-page CAS precharge 
time : . 

RAS precharge CAS hold time 
Row address setup time 

Row address hold time 


RAS to column address 
delay time 


Column address setup time 
Column address hold time 


Column address hold time 
referenced to RAS 


Symbol 


Icc1 
Ioc3 


loca 
los 
tac 


trwe 
tpc 

tREF 
TRAC 
tcac 


tacp 


torr 


trp 
tRaS 
tRASP 
tRSH 
tcas 
tcsH 
trop 
tcrP 
tcpn 


top 


tRec 
tASR 
tRAH 
trap 


tasc 
tCAH 
tar 


160 


190 
50 


0 
3 
70 
80 
80 
20 
20 
80 
25 
10 
10 


10 


Max 
630 
630 


540 


630 


8 
80 
20 


45 


45 


20 
50 


10000 
100000 


10000 


60 


20 


35 


20 


Limits 


190 


225 
60 


0 

3 
80 
100 
100 
25 
25 
100 
25 


Max 
540 
540 


450 


540 


8 
100 
25 


50 


55 


25 
50 


10000 
100000 


10000 


75 


50 


20 


220 


260 
70 


90 
120 
120 
30 
30 
120 
25 
10 
ale) 


MC-421000A9-80 MC-421000A9-10 MC-421000A9-12 


MC-421000A9 








Max Unit Test Conditions 
450 mA _ RAS, CAS cycling; tp = trac min (Note 5) 
450 mA RAS cycling; CAS > Vin, tac = tac min; 
Ig =0 mA (Note 5) 
360 mA RAS<V;; CAS cycling: tpc = tp min; 
Io = 0 mA (Note 5) 
450 MA tac =trc min; lo =0 mA 
(Note 5) 
ns (Note 6) 
ns (Notes 6, 20) 
ns (Note 6) 
8 ms 
120 ns (Notes 7 8) 
30 ns (Notes 7, 9, 10, 11) 
60 ns (Notes 7, 10, 11) 
65 ns (Notes 7, 11) 
30 ns (Note 12) 
50 ns (Note 4) 
ns 
10000 ns 
100000 ns 
ns 
10000 ns 
ns 
90 ns__ (Note 13) 
ns (Note 14) 
ns 
30 ns (Note 11) 
ns 
ns 
ns 
60 ns (Note 10) 
25 ns (Note 11) 
ns 
ns 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Vog = 5.0 V 10% 


Parameter Symbol Min Max 
Column address lead time tRAL 45 
referenced to RAS (rising edge) 

Read command setup time trcs 0 
Read command hold time tRRH 10 
referenced to RAS 

Read command hold time trou 0 
referenced to CAS 

Write command hold time twcH 15 
Write command hold time twer 55 
referenced to RAS 

Write command pulse width twp 15 
Write command to RAS lead time tRWL 25 
Write command to CAS lead time towL 15 
Data-in setup time tps 0 
Data-in hold time tox 20 
Data-in hold time referenced toRAS —tpyR 60 
Write command setup time twos 0 
CAS to WE delay time tcwo 20 
RAS to WE delay time tawo 80 
Column address to WE delay time tawo 45 
CAS setup time for CAS before tosr 10 
RAS refreshing 

CAS hold time for CAS before tcHR 15 
RAS refreshing 

Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(7) 


All voltages are referenced to GND. 


An initial pause of 100 us is required after power-up, followed by 
any eight RAS cycles before proper device operation is achieved. 


Ac measurements assume ty = 5 ns. 


Vin (min) and Vi, (max) are reference levels for measuring 
timing of input signals. Transition times are measured between 
Vig and Vic. 


loot, loca loco, and Iocs depend on output loading and cycle 
rates. Specified values. are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
Ioc4 is measured assuming that all column address inputs are 
switched only once each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta =0 to +70°C) is assured. 


Load = 2 TTL (—1 mA, +4 mA) loads and 100 pF (Voy = 2.0 V, 
VoL = 0.8 V). 
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Limits 
MC-421000A9-80 MC-421000A9-10 MC-421000A9-12 


Min 
55 


10 


20 
70 


20 
30 
20 


20 
70 


25 
100 
55 


(8) 


(9) 
(10) 
(11) 


Max Min Max Unit Test Conditions 
65 ns 
0 ns 
10 ns (Note 15) 
0 ns (Note 15) 
25 ns 
85 ns 
25 ns (Note 16) 
35 ns 
25 ns 
0 ns (Note 17) 
25 ns (Note 17) 
85 ns 
0 ns (Note 18) 
30 ns (Notes 18, 20) 
120 ns (Notes 18, 20) 
65 ns (Notes 18, 20) 
10 ns (Note 19) 
25 ns (Note 19) 


Assumes that trcp = trop (max) and trap <= trap (max). If 
trop OF trap is greater than the maximum recommended value 
in this table, taac increases by the amount that tacp or trap 
exceeds the value shown. 


Assumes that tacp = tacp (max) and trap = trap (max). 
If tRap 2 trap (max), then the access time is defined by tag. 


For fast-page read operation, the definition of access time is as 
follows. 


CAS and Column Address 


Input Conditions Access Time Definition 


tcp = tcp (max), tagc 2 tcp tacp 
tcp S tcp (max), tasc S tcp taa 
tcp = tcp (max), tasc S tasc (max) taa 
tcp = tcp (max), tasc = tcp tcac 


NEC MC-421000A9 


Notes [cont]: 


(12) torr (max) defines the time at which the output achieves the (18) For Doyt g, parameters twos, tcwp, tawp, and tawp are 

open-circuit condition and is not referenced to Voy or Vo_. restrictive operating parameters in read-write/read-modify- 
write cycles only. If twos 2 twcs (min), the cycle is an early 
write cycle and the data output will remain open-circuit 
throughout the entire cycle. If tewp = towp (min), tawp = tRwp 
(min), and tawp = tawp (min), the cycle is a read-write cycle 
and the data output will contain data read from the selected cell. 


(13) Operation within the tacp (max) limit assures that trac (max) 
can be met. trop (max) is specified as a reference point only; 
if tacp is greater than tacp (max), access time is controlled 
exclusively by tcac. 


(14) The tcrp requirement should be applicable for RAS/CAS cycles If neither of the above conditions is met, the condition of Doytg 
preceded by any cycle. (at access time and until CASg returns to V}}) is indeterminate. 

(15) Either taRH Or tacH must be satisfied for a read cycle. (19) CAS before RAS operation is specified. 

(16) Parameter twp is applicable for a delayed write cycle such as a (20) Read-write/read-modify-write operation can be performed only 
read-write/read-modify-write cycle. For early write operation, by the SOJ controlled by CASg because of its separate data 
both twos and twoH must be met. input and output pins. 


(17) These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Write Cycle (Early Write) 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle (Dour g only) 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


DouT 


Note: 
[1] WE, Address: Don’t Care. 


High impedance 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Write Cycle (Early Write) 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle (Dourg only) 
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NEC Electronics Inc. 


Description 


The MC-424100A¢9 is a fast-page 4,194,304-word by 9-bit 
dynamic RAM module designed to operate from a single 
+5-volt power supply. Advanced CMOS circuitry, includ- 
ing a single-transistor storage cell, multiplexed address 
buffers and flexible refresh controls, provides good sys- 
tem operating margins. 


The MC-424100A9 is functionally equivalent to eight 
»PD424100 standard 4M DRAMs plus a parity bit. Re- 
freshing is accomplished by means of RAS-only refresh 
cycles, hidden refresh cycles, CAS before RAS refresh 
cycles, or by normal read or write cycles on the 1024 
address combinations of Ap through Ag during a 16-ms 
period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. The SIMM includes nine »PD424100s in SOU 
packages and nine power supply decoupling capacitors. 


SIMM is a trademark of Wang Laboratories. 


Features 


4,194,304-word by 9-bit organization 

Single +5 V + 10% power supply 

Standard 30-pin SIMM packaging 

Nine 4M dynamic RAMs incorporated in high- 
density SOJ packaging (uPD424100LA) 

Nine power supply decoupling capacitors 

Low power dissipation of 49.5 mW standby (max) 
TTL-compatible inputs and outputs 

1024 refresh cycles every 16 ms 

Fast-page capability 


Oo0ag0 


Oo0aq060d00 


Ordering Information 


Part Number Column Access Time (max) 


MC-424100A9A-80 80 ns 20 ns 
A-10 100 ns 25 ns 
MC-424100A9B-80 80 ns 20 ns 
B-10 100 ns 25 ns 


60093 


Row Access Time (max) 


MC-424100A9 
4,194,304 x 9-Bit 
Dynamic CMOS RAM Module 


Pin Configurations 


30-Pin Leaded SIMM 





Fast Page Cycle Time (min) Package 


50 ns 30-pin leaded SIMM 

60 ns 

50 ns 30-pin socket-mountable 
SIMM 

60 ns 
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Pin Configurations (cont) 


30-Pin Socket-Mountable SIMM 
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8 
7 
6 
§ 
4 
3 
2 
1 





Pin Identification 


Symbol 
Ao - Aio 
V0, - Og 
Ding 


Douta 
CAS 


CASg 
RAS 
WE 
GND 
Voc 
NC 


Function 

Address inputs 

Common data inputs/outputs 
Data input 9 

Data output 9 

Column address strobe 
Column address strobe for data output 9 
Row address strobe 

Write enable 

Ground 

+5-volt power supply 

No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 
Operating temperature, Top 
Storage temperature, Tetg 
Short-circuit output current, log 


Power dissipation, Pp 


—1.0to +7.0V 
Oto +70°C 
-55 to + 125°C 
50 mA 

9.0 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol! Min Typ Max 
Input voltage, high Vi 2.4 Voc + 1.0 
Input voltage, low VIL -1.0 0.8 
Supply voltage Voc 45 5.0 5.5 
Ambient temperature T, 0 70 
Capacitance 


Ta = 25°C; f = 1 MHz 


Unit 


Vv 
Vv 
Vv 
°C 


Parameter Symbol Max Unit Pins Under Test 
Input capacitance Cy 70 pF Address, Diy 

Ci2 7 pf CASg, Dino 
Input/output capacitance Cp 10 pF Doutg 

Cio 15 pF I/O, through I/Og 


NEC 


Block Diagram 
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Address 





Address 
RAS 


We | 


Address 
RAS 
CAS 


= He 
pa 2 OUP Din Pout 
Le S AL Voc GND 


Voc GND 
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DC Characteristics 
Ta = Oto +70°C; Vog = +5.0 V +10% 


Parameter Symbol 
Standby current Icce 
Input leakage current hw 
Output leakage current low 
Output voltage, low VoL 
Output voltage, high Vou 


AC Characteristics 
Ta = Oto +70°C; Voc = +5.0 V +10% 


Parameter 


Operating current, average 


Operating current, RAS-only refresh 
cycle, average 


Operating current, fast-page cycle, 
average 


Operating current, CAS before RAS 
refresh cycle, average 


Access time from column address 


Access time from CAS precharge 
(rising edge) 


Column address setup time 

Row address setup time: 

Column address to WE delay time 
Access time from CAS (falling edge) 
Column address hold time 

CAS pulse width 


CAS hold time for CAS before RAS 
refresh cycle 


CAS to output in low impedance 

CAS precharge time, fast-page cycle 
CAS precharge time, nonpage cycle 
GAS to RAS precharge time 
CAS hold time 


CAS setup time for CAS before RAS 
refresh cycle 


CAS to WE delay 
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Symbol 


loc 


locs 


loca 


locs 


taa 
tacp 


tasc 
tasR 
tawp 
tcac 
tCaH 
tcas 
tour 


toLz 
tcp 

tcpn 
tcrp 
tcsH 
tcsr 


tcwo 


—90 


2.4 


MC-424100A9-80 
Min 


40 


20 
15 


10 
10 
10 


80 © 


10 


20 


10 


10 
0.4 


Max 
810 


810 


630 


810 


40 
45 


20 


10,000 


Unit 
mA 
mA 


pA 


pA 


Min 


50 


20 
25 
20 


10 
10 


100 
10 


25 


Test Conditions 
RAS = CAS = Vjq (min) 
RAS = CAS = Voc - 0.2 V 


For addresses, RAS, CAS and WE: Vin = 0 V to 
Voci all other pins not under test = 0 V 


For CAS9 and Dino: Vin = 0 to 5.5 V; 
all other pins = 0 V 


Dour disabled; Voyt = 0 V to Voc 
lo. =.4.2 MA 
low = -5 MA 


MC-424100A9-10 


Max Unit Test Conditions 


720 mA — RAS and CAS cycling; tac = 
tro min; lo = 0 mA (Note 5) 
720 mA RAS cycling; CAS = Vix; 
tac = tac min; Io = OMA 
(Note 5) 
540 mA RAS < Vi; CAS cycling; 
tpc = tpc min; lp = OMA 
(Note 5) 
720 mA RAS cycling; CAS before RAS; 
tac = tac min; lop = OMA 
(Note 5) 
50 ns (Notes 7, 9) 
55 ns (Notes 7, 9) 
ns 
ns 
ns (Notes 16, 18) 
25 ns (Notes 7, 9) 
ns 
10,000 ns 
ns 
ns (Note 7) 
ns 
ns 
ns (Note 12) 
ns 
ns 


ns (Notes 16, 18) 
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AC Characteristics (cont) 
MC-424100A9-80 MC-424100A9-10 




















Parameter Symbol == Min Max Min Max Unit _—‘Test Conditions 
Write command to CAS lead time tow. 1 20 ns (Note 18) 
Data-in hold time tou 15 20 ns (Note 15) 
Data-in setup time tos 0 0 ns (Note 15) 
Output buffer turnoff delay torr 0 20 0 25 ns (Note 10) 
Fast-page cycle time tpc 50 60 ns (Note 6) 
Fast-page read-modify-write cycle time tppawo 3——s=—é820 95 ns (Note 6, 18) 
Access time from RAS tRAC 80 . 100 ns (Notes 7, 8) 
RAS to column address delay time tRaD 17 40 17 50 ns (Note 9) 
Row address hold time tRaAH 12 12 ns 
Column address lead time referenced tRaAL 40 50 ns 

to RAS (rising edge) 

RAS pulse width tras 80 10,000 100 10,000 ns 

RAS pulse width, fast-page cycle trasp 80 125,000 100 125,000 ns 

Random read or write cycle time tac 160 190 ns (Note 6) 
RAS to CAS delay time trop 25 60 25 75 ns (Note 11) 
Read command hold time referenced tRoH 0 0 ns (Note 18) 

to CAS 

Read command setup time tacs 0 0 ns 

Refresh period tRer 16 16 ms Addresses Ag through Ag 
RAS precharge time trp 70 80 ns 

RAS precharge CAS hold time trpc 10 10 ns 

Read command hold time referenced tRRH 10 10 ns (Note 13) 

to RAS 

RAS hold time tasH 20 25 ns 

Read-write cycle time trawc 185 220 ns (Notes 6, 18) 
RAS to WE delay trwp 80 100 ns (Notes 16, 18) 
Write command to RAS lead time tawe 20 25 ns 

Rise and fall transition time tr 3 50 3 50 ns {Note 3) 
Write command hold time twCH 15 20 ns 

Write command setup time twos 0 0 ns (Note 16) 
WE hold time twHR 15 20 ns 

Write command pulse width twp 15 20 ns (Note 14) 
WE setup time twsr 10 10 ns 
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Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(7) 
(8) 


(9) 
(10) 


(11) 


All voltages are referenced to GND. 


Aninitial pause of 100 us is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE = Vi, to ensure normal 
operation. 


AC measurements assume ty = 5ns. 


Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vj. 


Ioc1: loca: loca, and I¢cs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Icc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loca is Measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto +70°C) is assured. 


Load = 2TTL (-1mA, +4 mA) loads and 100 pF (Voy = 2.0V, 
Vor = 0.8 V). 

Assumes that tacp = tacp (max) and trap = trap (max). If 
trop OF trap is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or trap 
exceeds the value shown. 


Iftaap 2 trap (max), then the access time is defined by tag. 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


Operation within the tacp (max) limit assures that trac (max) 
can be met. tacp (max) is specified as a reference point only; if 
tacp is greater than tacp (max), then access time is controlled 
exclusively by tcac. 
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(12) 


The torp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(13) Either tary or tac} must be satisfied for a read cycle. 


(14) Parameter twp is applicable for a delayed write cycle such as a 


(15) 


(16) 


read-write/read-modify-write cycle. For early write operation, 
both twos and two must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twos, tawo: tcwp: and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos = twos 
(min), the cycle is‘an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If tcwp 2 tcwp 
(min), tawp 2 tawp (min), and tawp = tawp (min), the cycle is 
a read-write cycle and the data output will contain data read from 
the selected cell. If neither of the above conditions is met, the 
condition of the data output pin (at access time and until CAS 
returns to Vij) is indeterminate. 


(17) A test mode may be initiated by executing a CAS before RAS 


(18) 


refresh cycle with WE held at Vi,. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at Vir either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 


Read-write/read-modify-write cycles can be executed only by 
CAS, Ding and Doug because of the separate data input and 
output pins. See block diagram. 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Late Write Cycle (Ding, Doyro, and CASg Only) 


tASC tCAH 


AAA? ow umn AMAMAAAAAAAAAAAAAAAAAAA AS 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle (Dino, Dourg, and CASg Only) 


ASR t calle 'CPN 
=o D = 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


High Impedance 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle (Ding, Douts, and CAS, Only) 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


High Impedance 


Note: 
[1] Address = don't care. 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
Memory Cycle CAS Before RAS Cycle 


tre tre 
tRAS tRP 


~ ia = — 


rate 


Column 
padres Address 


High Impedance 
—— Valid Data 
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Description 


The MC-424256A36 is a page mode dynamic RAM 
module organized as 262,144 words by 36 bits and 
designed to operate from a single + 5-volt power sup- 
ply. Advanced circuitry ensures minimum power dissi- 
pation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Refreshing is accomplished by means of 
RAS-only refresh cycles, CAS before RAS refresh cy- 
cles, hidden refresh cycles, or by the 512 address 
combinations of Ap through Ag during an 8-ms period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. Each SIMM contains eight 262,144 x 4-bit 
UPD424256s in SOJ packages, four 262,144 x 1-bit 
UPD41256s in PLCC packages, and twelve power sup- 
ply decoupling capacitors for noise reduction. DQo 
through DQs5 are common input/output pins. 


Features 


262,144-word by 36-bit organization 
Single + 5-volt power supply 

Page mode operation 

Low power dissipation 

RAS-only refresh cycles 

CAS before RAS refresh cycles 
Hidden refresh cycles 

512 refresh cycles every 8 ms 
TTL-compatible inputs and outputs 
72-pin SIMM packaging 


bBoaewonoaaanad 


SIMM is a trademark of Wang Laboratories. 


MC-424256A36 
262,144 x 36-Bit 
Dynamic RAM Module 


Pin Configuration 


72-Pin SIMM 





AN BANHDYNDO 


Notes: 
[1] Pins 67 through 70 are defined by access time: 


Se 
oe 


(Fine | 
os 
a 





60124 New 70 ns speed and 1-inch height will be available in 1991. 
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Block Diagram 
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Address ——> Dg - D7 and Mg- M3. 
WE ——> Do- D7 and Mg- M3. 


VOC a Do -D7 and Mg- Mg. 
ee Oe, 


Vgg ——-———-» Do - D7 and Mg- M3. 


Notes: 


[1] Dg through D7 pertain to the uPD424256 and Mg through Mato the pPD41256. 
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Pin Identification 


Name Function 

Ao - Ag Address inputs 

CASp - CAS3 Column address strobe 

DQpo - DQg5 Common data inputs/outputs 
RAS, RAS2 Row address strobe 

WE Write enable 

GND Ground 

Voc +5-volt power supply 

NC No connection 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max 
Input voltage, high Vin 2.4 Voo + 1.0 
Input voltage, low Vit ~1.0 0.8 
Supply voltage Voc 4.75 5.0 5.25 
Ambient temperature Ta 0 70 
Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol Max 
Input Cy 88 
capacitance Cp 104 

Cig 57 

Ci4 36 
Input/output Cy/Coy 17 
capacitance CilCop 22 


Ordering Information 


Part Number 

MC-424256A36B-80 
B-85 
B-10 

MC-424256A 36F-80 
F-85 
F-10 


Row Access Time (max) 
80 ns 
85 ns 
100 ns 
80 ns 
85 ns 
100 ns 


Unit 
V 
V 
V 

°C 


Unit 
pF 
pF 
pF 
pF 
pF 
pF 


R/W Cycle Time (min) 


160 ns 
165 ns 
200 ns 
160 ns 
165 ns 
200 ns 


MC-424256A36 
Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0to +7.0V 
Operating temperature, Topr Oto +70°C 
Storage temperature, Tstg -55 to +125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 12W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 


specified under DC and AC Characteristics. 


Pins Under Test 
Ao - Ag 

WE 

RAS 

CAS 





DQ - DQ7, DQg - DQyg, DQyg - DQa5, DQp7 - DQa4 


DQg, DQy7, DQ2g, DQ35 


Fast-Page Cycle (min) 


Package 


70 ns 72-pin socket-mountable 
70 ns SIMM (solder plating) 
100 ns _ 

70 ns 72-pin socket-mountable 
70 ns SIMM (gold plating) 

100 ns 
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DC Characteristics 


Ta = 0 to +70°C; Voo = +5.0 V +5% 


Parameter 


Standby current 


Input leakage current 


Output leakage current 
Output voltage, low 


Output voltage, high 


AC Characteristics 


Symbol 


loce 


hay 


low) 
VoL 
VoH 


Ta = 0 to +70°C; Vog = +5.0 V +5% 


Parameter 


Operating current, average 


Operating current, RAS-only 
refresh cycle, average 


Operating current, page mode 
cycle, average 


Operating current, CAS before 
RAS refresh cycle, average 


Column address hold time 
referenced to RAS 


Column address setup time 
Row address setup time 


Access time from CAS 
(falling edge) 


Column address hold time 
-CAS pulse width 


CAS hold time for CAS before 
RAS refresh cycle 
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Symbol 


lect 


lees 


loca 


loos 


tar 


tasc 
tasr 
toac 


tcaH 
tcas 
tour 


Min 
-120 
-10 
2.4 
-80 
Min Max 
960 
960 
916 
960 
55 
0 
0 
40 
20 
40 10,000 
15 


Max 
36 


120 


10 
0.4 


40 
15 


Max 
808 


808 


764 


808 


40 


Unit 
mA 
mA 
LA 


LA 


10,000 


Min 


65 


20 
50 
20 


Test Conditions 


NEC 


RAS = CAS = Viy (min) 
RAS = CAS = Voc -0.2V 


Vin = OV to Voc: 
all other pins not under test = OV 


DQ to DQgs disabled; Vout = OV to Voc 


lo = 42 mA 
loH = -S mA 
Max Unit 
680 mA 
680 mA 
660 mA 
680 mA 
ns 
ns 
ns 
50 ns 
ns 
10,000 ns 


ns 


Test Conditions 


RAS and CAS cycling; 
tao = taco min; 

lo = 0 mA (Note 5) 

RAS cycling; CAS = Viy; 
tac = tac min; 

lo = O mA (Note 5) 

RAS < Vi,; CAS cycling; 
tee = tpe min; 

lo = O mA (Note 5) 

RAS cycling; CAS before 
RAS; tao = trac min; 

lo = O mA (Note 5) 


(Notes 7, 9) 
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AC Characteristics (cont) 








-80 -85 -10 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
CAS precharge time, page top 20 20 40 ns 
mode cycle 
CAS precharge time, nonpage topn 25 25 25 ns 
cycle 
CAS to RAS precharge time torp 10 10 10 ns (Note 12) 
CAS hold time tosn 80 85 100 ns 
‘CAS setup time for CAS before tosr 10 10 10 ns 
RAS refresh cycle 
Data-in hold time too 20 20 25 ns (Note 15) 
Data-in hold time referenced tour 60 65 75 ns 
to RAS 
Data-in setup time tps 0 0 0 ns (Note 15) 
Output buffer turnoff delay torr fe) 20 0 20 0 25 ns (Note 10) 
Page cycle time tpc 70 70 100 ns (Note 6) 
Access time from RAS trac 80 85 100 ns (Notes 7, 8) 
Row address hold time tRAH 12 12 12 ns 
RAS pulse width tras 80 10,000 85 10,000 100 10,000 ns 
Random read or write cycle tro 160 165 200 ns (Note 6) 
time 
RAS to CAS delay time trop 20 40 25 45 25 50 ns (Note 11) 
Read command hold time tRoH. ce) 0 0 ns (Note 13) 
referenced to CAS 
Read command setup time tres 0 0 0 ns 
Refresh period tREF 8 & 8 ms Addresses Ao - Ag 
RAS precharge time trp 70 70 90 ns , 
RAS precharge CAS hold time trec oO i) ) ns 
Read command hold time tRRH 10 10 10 ns (Note 13) 
referenced to RAS 
RAS hold time tRsH 40 40 50 ns 
Rise and fall transition time tr 3 50 3 50 3 50 ns (Note 3) 
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AC Characteristics (cont) 














-80 -85 -10 

Parameter Symbol = Min Max Min Max Min Max Unit Test Conditions 
Write command hold time twou 20 20 25 ns 
Write command hold time twcor 60 65 75 ns 

referenced to RAS 
Write command setup time twos 0 0 0 ns (Note 16) 
Write command pulse width twp 15 15 15 ns (Note 14) 

Notes: 

(1) All voltages are referenced to GND. (10) torr (max) defines the time at which the output achieves the 


i : , open-circuit condition an is not referenced to Voy or Vo. 
(2) An initial pause of 100 ps is required after power-up, followed by 


any eight RAS cycles, before proper device operation is (11) Operation within the tacp (max) limit assures that tac (max) 

achieved. can be met. trcp (max) is specified as a reference point only; if 

trop is greater than tacp (max), then access time is controlled 

(8) AC measurements assume ty = 5ns. exclusively by toc. 

(4) Vip (min) and Vi, (max) are reference levels for measuring the (12) 
timing of input signals. Transition times are measured between 


Vin and Vip. 


The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 
(13) Either tary or tacy must be satisfied for a read cycle. 
(©) loci loos: loca, and Ilocs depend on output loading and cycle : : , 
rates. Specified values are obtained with the output open. logs (14) Parameter twp is applicable for a delayed write cycle such as a 


is measured assuming that all column address inputs are held at read-write/read-modify-write cycle. For early write operation, 
either a high level or a low level during RAS-only refresh cycles. both twos and twoH must be met. —_ 
Ioc4 is measured assuming that all column address inputs are (15) These parameters are referenced to the falling edge of CAS for 
switched only once during each fast-page cycle. early write cycles and to the falling edge of WE for delayed write 
(6) The minimum specifications are used only to indicate the cycle or read-modify-write cycles. 
time at which proper operation over the full temperature range (16) twos, tawo: tewp, and tawp are restrictive operating parame- 
(Ta = 0 to +70°C) is assured. ters in read-write/read-modify-write cycles only. Iftwos 2 twos 
(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF (Voy = 2.0V, (min), the cycle is an early write cycle and the data output will 
VoL = 0.8V). remain open-circuit throughout the entire cycle. ftcwp = tcwp 


(min), tawp = trwp (min), and tawp 2 tawp (min), the cycle is 
a read-write cycle and the data output will contain data read 
from the selected cell. If neither of the above conditions is met, 
the condition of the data output pin (at access time and until 
CAS returns to Vj}) is indeterminate. 


(8) Assumes that trop = tacp (max) and trap = trap (max). If 
trop OF trap Is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or trap 
exceeds the value shown. 


(9) IftRap = trap (max), then the access time is defined by tag. 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Page Mode Read Cycle 
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Timing Waveforms (cont) 


Page Early Write Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


High Impedance 


[1] WE 2Viy. 





CAS Before RAS Refresh Cycle 


tRAP 
tRPC 


High !mpedance 


DOUT 





Note: 
[1] Address = don't care. 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle 
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CAS Before RAS Cycle 


'Rc 


Valid Data 


CAS Before RAS Cycle 


831H-6799B 





NEC 


NEC Electronics Inc. 


Description 


The MC-424256A36BH/FH is a fast-page dynamic RAM 
module organized as 262,144 words by 36 bits and 
designed to operate from a single + 5-volt power sup- 
ply. Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 1024 
address combinations of Ag through Ag during a 16-ms 
period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. Each SIMM contains eight 262,144 x 4-bit 
UPD424256s in SOJ packages, four 1,048,576 x 1-bit 
pPD421000s in SOJ packages, and twelve power supply 
decoupling capacitors for noise reduction. DQo 
through DQg5 are common input/output pins. 


SIMM is a trademark of Wang Laboratories. 


Features 


262,144-word by 36-bit organization 

Single + 5-volt power supply 

Fast-page cycles 

Low power dissipation (126 mW max in standby) 
RAS-only refresh cycles 

CAS before RAS refresh cycles 

Hidden refresh cycles 

1024 refresh cycles every 16 ms 

TTL-compatible inputs and outputs 

72-pin SIMM packaging 


OoaoaoagacumdmuaoucmvcnmmUvmnM oo 
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MC-424256A36BH/FH 
262,144 x 36-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin SIMM 


Notes: 
[1] Pins 67 through 70 are defined by access time: 


[Fine [7one [sone [wore] 
[eno |e] 


9 
8 
7 
6 
5 
4 
3 
2 
1 
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Pin Identification Absolute Maximum Ratings 

Name Function Voltage on any pin relative to GND -1.0to +7.0V 
Ag - Ag Address inputs Operating temperature, Topp Oto +70°C 
CAS) - CAS3 Column address strobe Storage temperature, Teta —55 to + 125°C 
DQg - DQ35 Common data inputs/outputs Short-circuit output current, log 50 mA 
RAS, RAS» Row address strobe Power dissipation, Pp 12W 
WE Write enable 


Exposure to Absolute Maximum Ratings for extended periods may 
GND Ground affect device reliability; exceeding the ratings could cause perma- 
pita | OS os en peerage Soy tp = Y= og nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


< 


cc +5-volt power supply 


NC No connection 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 Vv 
Input voltage, low Vib ~1.0 0.8 V 
Supply voltage Voco 4.75 5.0 5.25 Vv 
Ambient temperature Ta 0 70 °C 


Capacitance 
Ta = 25°C; f= 1 MHz 








Parameter Symbol Max Unit Pins Under Test 
Input Cy 88 pF Ag - Ag 
capacitance Ge 104 pF WE 
Cig 57 pF RAS 
Cig 36 pF CAS 
input/output Ci/Cor 17 pF DQp - DQ7, DQg - DQ 46, DQyg - DQa5, DQo7 - DQ34 
sepaoltenge Culees 22 pF DQg, DQ47, DAs, DQ35 





Ordering Information 





Part Number Row Access Time (max) R/W Cycle Time (min) Fast-Page Cycle (min) Package 
MC-424256A36BH-70 70 ns 130 ns 45 ns 72-pin socket-mountable 
BH-80 80 ns 160 ns 50 ns feoeeEpieeng) 
BH-10 100 ns 190 ns 60 ns 
MC-424256A36FH-70 70 ns 130 ns 45 ns 72-pin socket-mountable 
FH-80 80 ns 160 ns 50 ns gare Pieline) 


FH-10 100 ns 190 ns 60 ns 





MC-424256A36BH/FH 





Block Diagram 





Address ——> Dg - D7 and Mg- M3. 
WE ——> Dg - D7 and Mo- M3. 


Voc Do-D7 and Mg- M3. 
Co- C14 
Vss Do - D7 and Mo- Mg. 


Notes: 
[1] Dg through D7 pertain to the »PD424256 and Mg through M gto the »PD421000. 
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MC-424256A36BH/FH 


DC Characteristics 


Ta = 0 to +70°C; Veg = +5.0V +5% 


Parameter 


Standby current 


Input leakage current 


Output leakage current 
Output voltage, low 


Output voltage, high 


AC Characteristics 


Symbol 


loce 


UT) 


low 
Vo 
Vou 


Ta = 0 to +70°C; Voc = +5.0V +5% 


Parameter 


Operating current, average 


Operating current, RAS- only 
refresh cycle, average 


Operating current, fast-page 
cycle, average 


Operating current, CAS before 
RAS refresh cycle, average 


Access time from column 
address 


Column address hold time 
referenced to RAS 


Access time from CAS 
precharge (rising edge) 


Column address setup time 
Row address setup time 


Access time from CAS (falling 
edge) 


Column address hold time 
CAS pulse width 


CAS hold time for CAS before 
RAS refresh cycle 


CAS precharge time, fast-page 
cycle 


CAS precharge time, nonpage 
cycle 


CAS to RAS precharge time 
CAS hold time 


CAS setup time for CAS before 
RAS refresh cycle 
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Symbol 


loot 


loos 


loca 


loos 


taa 
tar 
tacp 


tasc 
tasr 
toac 


tcaH 
tcas 
tcHR 


top 
topn 


torp 
tcosH 
tesr 


Min 
-120 
-10 
2.4 
-70 
Min Max 
960 
960 
840 
960 
35 
60 
40 
0 
0 
20 
17 
20 10,000 
15 
10 20 
10 
10 
70 
10 


Max 
24 
12 
120 


10 
0.4 


20 
20 
15 


10 


10 


10 
80 
10 


-80 
Max 
840 


840 


720 


840 


45 


45 


20 


10,000 


20 


Unit 
mA 
mA 
HA 


Min 


70 


20 


20 


10 


10 


10 
100 
10 


Test Conditions 


NEC 


RAS = CAS 2 Vjy (min) 
RAS = CAS 2 Voc - 0.2 V 


Vin = 0 V to Voc; 
all other pins not under test = OV 


DQo to DQg5 disabled; VoyT = OV to Voc 


lol = 4.2 mA 
lon = -5 mA 
-10 
Max Unit 
720 mA 
720 mA 
600 mA 
720 mA 
55 ns 
ns 
55 ns 
ns 
ns 
25 ns 
ns 
10,000 ns 
ns 
25 ns 
ns 
ns 
ns 
ns 


Test Conditions 


RAS and CAS cycling; 
tro = tro min; 
lo = 0 mA (Note 5) 


RAS cycling; CAS = Vix; 


tro = taco min; 
lo = 0 mA (Note 5) 


RAS < Vi; CAS cycling; 
tpc = tpco min; 
lo = O mA (Note 5) 


RAS cycling; CAS before 
RAS; tac = tao min; 
lo = O mA (Note 5) 


(Notes 7, 9) 


(Notes 7, 9) 


(Notes 7, 9) 


(Note 12) 
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AC Characteristics (cont) 











-70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Data-in hold time toy 15 20 20 ns (Note 15) 
Data-in hold time referenced to tpHR 60 60 70 ns 
RAS 
Data-in setup time tos 0 0 0 ns (Note 15) 
Output buffer turnoff delay toFF fe) 15 0 20 0 25 ns (Note 10) 
Fast-page cycle time tpco 45 50 60 ns (Note 6) 
Access time from RAS trac 70 80 100 ns (Notes 7, 8) 
RAS to column address delay tRAD 15 35 17 35 17 45 ns (Note 9) 
time 
Row address hold time tRAH 10 12 12 ns 
Column address lead time tRAL 35 45 55 ns 
referenced to RAS (rising edge) ; 
RAS pulse width tras 70 10000 80 10,000 100 10,000 ns 
RAS pulse width, fast-page trasp 70 100,000 80 100,000° 100 100,000 ns 
cycle , 
Random read or write cycle time tac: 130 160 190 ns (Note 6). 
RAS to CAS delay time trop 20 60 25 60 25 75 ns (Note 11) 
Read command hold time tacH 0 0 0 ns (Note 13) 
referenced to CAS 
Read command setup time tres 0 0 0 ns 
Refresh period tREF 8 8 8 ms Addresses Ag - Ag 
RAS precharge time trp 60 70 80 ns 
RAS precharge CAS hold time trpc 10 10 10 ns 
Read command hold time tRRH 10 10 10 ns (Note 13) 
referenced to RAS 
RAS hold time tRsH 20 20 25 ns 
Rise and fall transition time tr 3 50 3 50 3 50 ns (Note 3) 
Write command hold time twecH 15 15 20 ns 
Write command hold time twor 55 55 70 ns 
referenced to RAS 
Write command setup time twos 0 0 0 ns (Note 16) 
WE hold time tWHR 15 15 20 ns 
Write command pulse width twp 15 15 20 ns (Note 14) 
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MC-424256A36BH/FH 


NEC 





Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


6) 


(8) 


(9) 


All voltages are referenced to GND. 


An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved, 


AC measurements assume ty = Sons. 


Vin (min) and Vi_ (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vir. 


loc1 loos: loca, and locs5 depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto + 70°C) is assured. 


Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF (Voy = 2.0V, 
VoL = 0.8 V). 


Assumes that tacp < tacp (max) and trap s trap (max). If 
tacp or trap is greater than the maximum recommended value 
in this table, taac increases by the amount that trop or trap 
exceeds the value shown. 


IftRap 2 trap (max), then the access time is defined by ta. 
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(10) 


(11) 


(12) 


(13) 


torr (max) defines the time at which the output achieves the 
open-circuit condition an is not referenced to Voy or VoL. 


Operation within the trop (max) limit assures that trac (max) 
can be met. tacp (max) is specified as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 
exclusively by toac. 


The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either tany or troy must be satisfied for a read cycle. 


(14) Parameter twp is applicable for a delayed write cycle such as a 


(15) 


(16) 


tead-write/read-modify-write cycle. For early write operation, 
both twos and twop must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twos: tawp) tcwp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos = twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftowp = tcwo 
(min), tawp = trwp (min), and tawp = tawp (min), the cycle is 
a read-write cycle and the data output will contain data read 
from the selected cell. If neither of the above conditions is met, 
the condition of the data output pin (at access time and until 
CAS returns to Vj})) is indeterminate. 


N E Cc MC-424256A36BH/FH 


Timing Waveforms 


Read Cycle 


/X 





( Valid Data 
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Timing Waveforms (cont) 


Early Write Cycle 
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NEC 


Timing Waveforms (cont) 


Fast-Page Read Cycle 


tOFF 


High Impedance 





MC-424256A 36BH/FH 


| taa———> 
tacP 
= 'CAC 


OFF tOFF 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


tRPC 


High Impedance 


DouT 


Note: 
{1] Address = don't care. 
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N. KE Cc MC-424256A36BH/FH 


Timing Waveforms (cont) 


Hidden Retresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
tRc tRC 
tRAS 
taR 


tAA 
| 'RRH 


High Impedance , 
Valid Data 


831H-6593B 
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NEC 


NEC Electronics Inc. 


Description 


The MC-424512A36 is a page mode dynamic RAM 
module organized as 524,288 words by 36 bits and 
designed to operate from a single + 5-volt power sup- 
ply. Advanced circuitry ensures minimum power dissi- 
pation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Refreshing is accomplished by means of 
RAS-only refresh cycles, CAS before RAS refresh cy- 
cles, hidden refresh cycles, or by the 512 address 
combinations of Ag through Ag during an 8-ms period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight and cost 
of asystem. Each SIMM contains sixteen 262,144 x 4-bit 
UPD424256s in SOJ packages, eight 262,144 x 1-bit 
UPD41256s in PLCC packages, and 24 power supply 
decoupling capacitors for noise reduction. DQ» 
through DQg5 are common input/output pins. 


Features 


524,288-word by 36-bit organization 

Single + 5-volt power supply 

Page mode operation 

Low power dissipation (126 mW max in standby) 
RAS-only refresh cycles 

CAS before RAS refresh cycles 

Hidden refresh cycles 

512 refresh cycles every 8 ms 

TTL-compatible inputs and outputs 

72-pin SIMM packaging 


oaoodongage anga ano 


SIMM is a trademark of Wang Laboratories. 





MC-424512A36 
524,288 x 36-Bit 
Dynamic RAM Module 


Pin Configuration 


72-Pin SIMM 


CZ] 72 GND 
Co] 71 NC 
Cc 70 [Note 1 





Notes: 
[1] Pins 67 through 70 are defined by access time: 
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Block Diagram 


a i 
bi 3 a 


Ey 
CAS RAS 
Din/Dout Mo 


eo) 
CAS _—RAS 


CAS RAS 


CAS R. 
Din/Dout M4 
i 
CAS RAS [TT 
Di2 


CAS RAS 


DQ35 Din‘Dour Me 


Ao~Ag *———> Do~D15,Mo~M7 
WE *————>>_ Do~ D15, Mo~ M7 
Voc *——— > Do~ 015, Mo~M7 


Co~ C23 
Vgg “> Do~D15,Mo~M7 
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Ss AS 
ae Din/Dout M5 
et VvO4 CAS 


VO4 
VOo 
VvO3 
VO4 


CAS ~—s RAS 


D4 
Vvo4 


Oo 
VO3 


CAS —- RAS 


Da 

OE 

_ 
CAS RAS 


ieee Din/Dour M4 


RAS . 


O04 
ae OE 


vO4 
VvO2 
VO3 
VO4 


OE 


CAS 


RAS 
RAS 


VO2 
VO3 
VO4 


OE 


Di3 


vO4 
VvOo 
VO3 
VvO4 


OE 


CAS 


CAS ~—s RAS 


Din‘Dout M7 


Do~ Di5: pPD424256 
Mo~M7: wPD41256 
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Pin Identification Absolute Maximum Ratings 

Name Function Voltage on any pin. relative to GND -1.0to +7.0V 
Ag - Ag Address inputs Operating temperature, Topr Oto +70°C 
CASp - CAS3 Column address strobe Storage temperature, TeTg -55 to +125°C 
DQpo - DQ35 Common data inputs/outputs Short-circuit output current, log 50 mA 
RASpQ - RAS3 Row address strobe Power dissipation, Pp 24W 
WE Write enable REPT Te ae oe ee er 


Exposure to Absolute Maximum Ratings for extended periods may 
GND Ground affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 


V +5-volt power suppl 
cc P PPI specified under DC and AC Characteristics. 


NC ‘No connection 


Recommended Operating Conditions 








Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 V 
Input voltage, low Vit -1.0 0.8 V 
Supply voltage Vec 4.75 5.0 5.25 Vv 
Ambient temperature Ta 0 70 °C 
Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol Max Unit Pins Under Test 
Input Ci 161 pF Ao through Ag 
capacitance Cp 193 pF WE 
Cig 62 pF RAS 
Ci 62 pF CAS 
Input/output Ci4/Co4 29 pF DQg - DQ7, DQg - DQig, DQyg - DQa5, DQ27 - DOg4 
sah Gules 39 pF DQg, DQ47, DOog, DQg5 


Ordering Information 





Part Number Row Access Time (max) R/W Cycle Time (min) Fast-Page Cycle (min) Package 

MC424512A36B-80 80 ns 160 ns 70 ns 72-pin socket-mountable 
B-85 85 ns 165 ns 70 ns SIMI oleet pigung) 
B-10 100 ns 200 ns 100 ns 

MC424512A36F-80 80 ns 160 ns 70 ns 72-pin socket-mountable 
F-85 85 ns 165 ns 70 ns SIM geld Plating) 
F-10 100 ns 200 ns 100 ns 
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MC-424512A36 NEC 


DC Characteristics 
Ta = 0 to +70°C; Voc = +5.0 V +5% 








Parameter Symbol Min Max Unit Test Conditions 
Standby current loce 72 mA RAS = CAS = Vy (min) 

16 mA RAS = CAS = Voc -0.2V 
Input leakage current Ny -240 240 HA Vin = OV to Voc 

all other pins not under test = OV 

Output leakage current lowly -10 10 uA DQ) to DQ35 disabled; VoyT = OV to Voc 
Output voltage, low VoL 0.4 V lol = 4.2 mA 
Output voltage, high Vou 2.4 V lon = -5 mA 


AC Characteristics 
Ta = 0 to + 70°C; Vog = +5.0 V 45% 





-80 “85 -10 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, average lec1 1024 872 744 mA RAS and CAS cycling; 
tro = tro min; 
lo = O mA (Note 5) 
Operating current, RAS-only loc3 1024 872 744 mA RAS cycling; CAS = Vip; 
refresh cycle, average tro = tro min; 
lo = O mA (Note 5) 
Operating current, page mode loca 996 828 724 mA RAS < Vit; CAS cycling; 
cycle, average tpc = tpo min; 
lo = 0 mA (Note 5) 
Operating current, CAS before locos 1024 872 744 mA RAS cycling; CAS before 
RAS refresh cycle, average RAS; tao = tao min; 
lo = 0 mA (Note 5) 
Column address hold time tar 55 55 65 ns 
referenced to RAS 
Column address setup time tasc 0 0 0 ns 
Row address setup time tasr 0 0 0 - ons 
Access time from CAS {falling tcac 40 40 50 ns (Notes 7, 9) 
edge) 
Column address hold time tcaH 20 20 20 ns 
CAS pulse width toas 40 10,000 40 10,000 50 10,000 ns 
CAS hold time for CAS before tcHR 15 15 20 ns 
RAS refresh cycle 
CAS precharge time, page cycle top 20 20 40 ns 
CAS precharge time, nonpage tcopn 25 25 25 ns 


cycle 
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NEC 


AC Characteristics (cont) 


Parameter 
CAS to RAS precharge time 
CAS hold time 


CAS setup time for CAS before 
RAS refresh cycle 


Data-in hold time 


Data-in hold time referenced to 
RAS 


Data-in setup time 

Output buffer turnoff delay 
Page cycle time 

Access time from RAS 
Row address hold time 
RAS pulse width 


Random read or write cycle 
time 


RAS to CAS delay time 


Read command hold time 
referenced to CAS 


Read command setup time 
Refresh period 

RAS precharge time 

RAS precharge CAS hold time 


Read command hold time 
referenced to RAS 


RAS hold time 
Rise and fall transition time 


Write command hold time 


Symbol 
torp 
tosH 
tesr 


toy 
tbHR 


tos 
torr 
tpo 
trac 
tRAH 
tras 


trop 
tacH 


tres 
tREF 
trp 

tree 
trRH 


tRsH 
ty 
tweoH 


20 
60 


160 


20 


40 


20 


Max 


20 


80 


10,000 


40 


50 


Min 
10 
85 
10 


20 
65 


70 


12 
85 
165 


25 


70 


10 


40 


20 


85 


10,000 


10 
100 
10 


25 
75 


90 


10 


50 


25 


25 


100 


10,000 


50 


50 


Unit 
ns 
ns 


ns 


ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 
ns 


ns 
ms 
ns 
ns 


ns 


ns 
ns 


ns 


MC-424512A36 


Test Conditions 
(Note 12) 


(Note 15) 


(Note 15) 
(Note 10) 
(Note 6) 
(Notes 7, 8) 


(Note 6) 


(Note 11) 
(Note 13) 





Addresses Ag - Ag 


(Note 13) 


(Note 3) 
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AC Characteristics (cont) 














-80 -85 -10 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Write command hold time twor 60 65 75 ns 

referenced to RAS 
Write command setup time twos t¢) ce) ce) ns (Note 16) 
Write command pulse width twp 15 15 15 ns (Note 14) 

Notes: 

(1) All voltages are referenced to GND. (10) torr (max) defines the time at which the output achieves the 


nae . ‘ open-circuit condition an is not referenced to Voy or VoL. 
(2) An initial pause of 100 ps is required after power-up, followed by 


any eight RAS cycles, before proper device operation is (11) Operation within the tacp (max) limit assures that trac (max) 

achieved. can be met. trop (max) is specified as a reference point only; If 

trcp is greater than tacp (max), then access time is controlled 

(3) AC measurements assume ty = 5ns. exclusively by toac. 

(4) Vin (min) and Vi_ (max) are reference levels for measuring the (12) 
timing of input signals. Transition times are measured between _ 


Vin and VIL: 


The torp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 
(13) Either tapny or tac} must be satisfied for a read cycle. 


(5) Ioct locos: loca, and Iocs depend on output loading and cycle ; . , 
tates. Specified values are obtained with the output open. loos (14) Parameter twp is applicable for a delayed write cycle such as a 


is measured assuming that all column address inputs are held at read-write/read-modify-write cycle. For early write operation, 
either a high level or a low level during RAS-only refresh cycles. both twes and twcH must be met. a 
loc4 is measured assuming that all column address inputs are (15) These parameters are referenced to the falling edge of CAS for 
switched only once during each fast-page cycle. early write cycles and to the falling edge of WE for delayed write 
(6) The minimum specifications are used only to indicate the cycle or read-modify-write cycles. 
time at which proper operation over the full temperature range (16) twos, tawp: tewo: and tawp are restrictive operating parame- 
(Ta = O to +70°C) is assured. ters in read-write/read-modify-write cycles only. If twos = twos 
(7) Load = 2TTL (+1 mA, +4 mA) loads and 100 pF (Voy = 2.0V, (min), the cycle is an early write cycle and the data output will 
VoL = 0.8 V). remain open-circuit throughout the entire cycle. Iftcwp 2 towp 
(min), tawp = trawp (min), and tawp = tawp (min), the cycle is 
(8) Assumes that tacp = tacp (max) and trap = trap (max). If a read-write cycle and the data output will contain data read 
tacp or trap is greater than the maximum recommended value from the selected cell. If neither of the above conditions is met, 


in this table, trac increases by the amount that trep or trap the condition of the data output pin (at access time and until 
exceeds the value shown, CAS returns to Vip) is indeterminate. 
(9) If trap 2 trap (max), then the access time is defined by tag. 
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Timing Waveforms 


Read Cycle 


= 


tRAH tasc 'CAH 


meres 1//K somrcsons HY] comms KUL) 


High Impedance 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Page Mode Read Cycle 





'RCH 











'RRH 






|. _ + 

> ‘OFF OFF 'OFF 
High Impedance 

DouT — 


83IH-6805B 
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Timing Waveforms (cont) 


Page Early Write Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


High Impedance 


[i] WE >Viy. 





CAS Before RAS Refresh Cycle 





tRP 
tRPC 


High Impedance 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle 
tre 
tRAS 


trcp tRSH 


“I 
~ 


'CAH 


Address 


High Impedance 
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CAS Before RAS Cycle CAS Before RAS Cycle 


TMM. 


tOFF Z 


Valid Data 


831H-6799B 





NEC MC-424512A36BH/FH 
524,288 x 36-Bit 


NEC Electronics Inc. Dynamic CMOS RAM Module 


Description Pin Configuration 


The MC-42512A36BH/FH is a fast-page dynamic RAM 
module organized as 524,288 words by 36 bits and 
designed to operate from a single + 5-volt power sup- 
ply. Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 


72-Pin SIMM 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 512 
address combinations of Ap through Ag during a 8-ms 
period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight and cost 
of asystem. Each SIMM contains sixteen 262,144 x 4-bit 
UPD424256s in SOJ packages, eight 1,048,576 x 1-bit 
pPD421000s in SOJ packages, and twenty-four power 
supply decoupling capacitors for noise reduction. DQ) 
through DQgs5 are common input/output pins. 


Features 


524,288-word by 36-bit organization 

Single + 5-volt power supply 

Fast-page cycles 

Low power dissipation (252 mW max in standby) 
RAS-only refresh cycles 

CAS before RAS refresh cycles 

Hidden refresh cycles 

512 refresh cycles every 8 ms 

TTL-compatible inputs and outputs 

72-pin SIMM packaging 


ooongdaAanaaAdnd Aan A 


9 
8 
7 
6 
5 
4 
3 
2 
1 


SIMM is a trademark of Wang Laboratories. 


Notes: 
[1] Pins 67 through 70 are defined by access time: 
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Block Diagram 


RAS TNO 


CAS 
VOo 

VO3 Di 
VO4 


=e 


VO4 
OE OE 
=a 
CAS RAS Cc. RAS 
Din/Dout Mo Din/Dour M4 
RAS 


cas RAS) [J 


aaa 
Ss 


AS 
vO4 CAS 
“Oo 
VO3 Ds 
VO4 


OE 


S 


VO4 CAS 
Oo 


03 De 


VO4 
OE 
Ce — 
RAS CAS RAS 
Din/Dour M3 


fe] 
CAS RAS 
DQ35 Din/Dour — M6 


Ao~Ag > Do~0D15.Mo~M7 
WE *—-—>>_ Do~ 115, Mg~ M7 
Voc *—— —_:«D0~D15,M0~M7 


Co~ C23 
Vss -——_L_____—} Do ~ D15,Mo~M7 
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OE 
CAS RAS 
Din/Dout M5 


Din/Dour M7 


Do~ 015: wPD424256LA 
Mo~M7: pPD421000LA 
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NEC 


MC-424512A36BH/FH 





Pin Identification 


Name Function 

Ag - Ag Address inputs 

CASp - CAS3 Column address strobe 

DQo - DQg5 Common data inputs/outputs 
RASp - RAS3 Row address strobe 

WE Write enable 

GND Ground 

Voc +5-volt power supply 

NC No connection 


Recommended Operating Conditions 


Absolute Maximum Ratings 

Voltage on any pin relative to GND : -1.0 to +7.0V 
Operating temperature, Topr Oto +70°C 
Storage temperature, Tstg —-55 to + 125°C 
Short-circuit output current, log 50 mA 


Power dissipation, Pp 24W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 








Parameter Symbol Min Typ Max Unit 

Input voltage, high Vin 2.4 Veco + 1.0 Vv 

Input voltage, low VIL -1.0 0.8 V 

Supply voltage Voce 4.75 65.0 5.25 Vv 

Ambient temperature Ta 0 70 °C 

Capacitance 

Ta = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input Cr 161 pF Ag- Ag 

capacitance Cp 193 pF WE 

Cig 62 pF RAS 
Cy 62 pF CAS 

input/output Cy/Co4 29 pF DQ - DQ7, DQg - DQig, DQig - DQe5, DQa7 - DOa4 

gapectianes CplCop 39 pF DQg, DQ47, DQyg, DOg5 

Ordering Information 

Part Number Row Access Time (max) R/W Cycle Time (min) Fast-Page Cycle (min) Package 

MC424512A36BH-70 70 ns 130 ns 45 ns 72-pin socket-mountable 
BH-80 80 ns 160 ns 50 ns SN Weoldet pletng) 
BH-10 100 ns 190 ns 60 ns 

MC 424512A36FH-70 70 ns 130 ns 45 ns 72-pin socket-mountable 
FH-80 80 ns 160 ns 50 ns Sine Weil plaag) 
FH-10 100 ns 190 ns 60 ns 
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MC-424512A36BH/FH N: E Cc 


DC Characteristics 
Ta = 0 to +70°C; Veg = +5.0 V £5% 


Parameter Symbol! Min Max Unit Test Conditions 
Standby current Ieee 24 mA RAS = CAS = Vy (min) 
12 mA RAS = CAS = Voc -02V_ 

Input leakage current hy —240 240 UA Vin = 0V to Voc; 

all other pins not under test = 0 V 
Output leakage current low) -10 10 HA DQo to DQ35 disabled; Vout = OV to Voc 
Output voltage, low VoL 0.4 V lot = 4.2 mA 
Output voltage, high Vou 2.4 V lon = -S mA 


AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0 V +5% 








-70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, average loc4 1040 910 780 mA RAS and CAS cycling; 
tac = tro min; 
lo = O mA (Note 5) 
Operating current, RAS-only loos 1040 910 780 mA RAS cycling; CAS = Vip; 
refresh cycle, average tro = taco min; 
lo = 0 mA (Note 5) 
Operating current, fast-page loo4 910 780 650 mA RAS s Vi,; CAS cycling; 
cycle, average tpc = tpco min; 
lo = 0 mA (Note 5) 
Operating current, CAS before locs 1040 910 780 mA RAS cycling; CAS before 
RAS refresh cycle, average RAS; tac = trac min; 
lo = O mA (Note 5) 
Access time from column taa 35 45 55 ns (Notes 7, 9) 
address 
Column address hold time tar 60 60 70 ns 
referenced to RAS 
Access time from CAS tacp 40 45 55 ns (Notes 7, 9) 
precharge (rising edge) 
Column address setup time tasc 0 10) 0 ns 
Row address setup time tasR 0 ie) 0 ns 
Access time from CAS (falling tcac 20 20 25 ns (Notes 7, 9) 
edge) 
Column address hold time tcaH - 17 20 20 ns 
CAS pulse width tcas 20 10,000 20 40,000 25 10,000 ns 
CAS hold time for CAS before tour 15 15 20 ns 
RAS refresh cycle 
CAS precharge time, fast-page top . 10 20 10 20 10 25 ns 


cycle 
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NEC MC-424512A36BH/FH 


AC Characteristics (cont) 





-70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
CAS precharge time, nonpage topn 10 10 10 ns 
cycle 
CAS to RAS precharge time torp 10 10 10 ns (Note 12) 
CAS hold time tosH 70 80 100 ns 
CAS setup time for CAS before tosr 10 10 10 ns 
RAS refresh cycle 
Data-in hold time tox 15 20 20 ns (Note 15) 
Data-in hold time referenced to toHR 60 60 70 ns 
RAS 
Data-in setup time tos 0 0 0 ns (Note 15) 
Output buffer turnoff delay torr 0 15 ie} 20 0 25 ns (Note 10) 
Fast-page cycle time tpo 45 50 60 ns (Note 6) 
Access time from RAS trac 70 80 100 ns (Notes 7, 8) 
RAS to column address delay trap 15 35 17 35 17 45 ns (Note 9) 
time 
Row address hold time taaH 10 12 12 ns 
Column address lead time tRAL 35 45 55 ns 
referenced to RAS (rising edge) 
RAS pulse width tras 70 10,000 80 10,000 100 10,000 ns 
RAS pulse width, fast-page trasp 70 = 100,000 80 100,000 100 100,000 ns 
cycle 
Random read or write cycle trac 130 160 190 ns (Note 6) 
time 
RAS to CAS delay time trop 20 60 25 60 25 75 ns (Note 11) 
Read command hold time tron 0 0 0 ns (Note 13) 
referenced to CAS 
Read command setup time tacos 0 0 0 ns 
Refresh period trer 8 8 8 ms Addresses Ag - Ag 
RAS precharge time trap 60 70 80 ns 
RAS precharge CAS hold time trpc 10 10. 10 ns he 
Read command hold time tRRH 10 10 10 ns (Note 13) 
referenced to RAS 
RAS hold time trsH 20 20 25 ns 
Rise and fall transition time tr 3 50 3 50 3 50 ns (Note 3) 
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AC Characteristics (cont) 








-70 -80 -10 








Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Write command hold time twou 15 15 20 ns 
Write command hold time twor 55 55 70 ns 
referenced to RAS 
Write command setup time twos ie) 0 0 ns (Note 16) 
Write command pulse width twp 15 15 20 ns (Note 14) 
Notes: 
(1) All voltages are referenced to GND. (10) torr (max) defines the time at which the output achieves the 


aie) ; . open-circuit condition an is not referenced to Voy or VoL. 
(2) An initial pause of 100 ps is required after power-up, followed by 


any eight RAS cycles, before proper device operation is (11) Operation within the tacp (max) limit assures that trac (max) 
achieved. can be met. tacp (max) is specified as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 

(3) AC measurements assume ty = 5 ns. exclusively by tac. 
(4) Vin (min) and Vi_ (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 


Vin and Vj. 


(12) The tcpp requirement should be applicable for RAS/CAS cycles 
P 
preceded by any cycle. 
(13) Either tary or troy must be satisfied for a read cycle. 
(5) loot loca, loca, and locs depend on output loading and cycle . ; . 
rates. Specified values are obtained with the output open. Iog3 (14) Parameter twp is applicable for a delayed write cycle such as a 


is measured assuming that all column address inputs are held at read-write/read-modify-write cycle. For early write operation, 
either a high level or a low level during RAS-only refresh cycles. both twos and twoy must be met. a 
loc4 is measured assuming that all column address inputs are (15) These parameters are referenced to the falling edge of CAS for 
switched only once during each fast-page cycle. early write cycles and to the falling edge of WE for delayed write 
(6) The minimum specifications are used only to indicate the cycle or read-modify-write cycles. 
time at which proper operation over the full temperature range (16) twos, tawo: town: and tawp are restrictive operating parame- 
(Ta = Oto + 70°C) is assured. ters in read-write/read-modify-write cycles only. If twos 2 twos 
(7) Load = 2 TTL (+1 mA, +4 mA) loads and 100 pF (Voy = 2.0V, (min), the cycle is an early write cycle and the data output will 
VoL = 0.8V). remain open-circuit throughout the entire cycle. Iftcwp 2 towp 


(min), tawp 2 trwp (min), and tawp = tawp (min), the cycle is 
a read-write cycle and the data output will contain data read 
from the selected cell. If neither of the above conditions is met, 
the condition of the data output pin (at access time and until 
CAS returns to Vip) is indeterminate. 


(8) Assumes that tacp <= trop (max) and taap s trap (max). If 
trop °F trap is greater than the maximum recommended value 
in this table, taac increases by the amount that tacp or trap 
exceeds the value shown. 


(9) lftpap = trap (max), then the access time is defined by taa. 
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Timing Waveforms 


Read Cycle 


( 





igh | dance 
High Impe (| Valid Data 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 















> tOFF > tOFF tOFF 









High Impedance 


5-143 


MC-424512A36BH/FH N. KE Cc 


Timing Waveforms (cont) 


Fast-Page Early Write Cycle 





83IH-6596B - 
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NEC MC-424512A36BH/FH 


Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


[1] WE = Vip. 





CAS Betore RAS Refresh Cycle 


: tRP 
tCHR tRPC 


High Impedance 





Note: 
[1] Address = don't care. 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
tro tro tRC 


tRAS 
TAR 


Address 


High impedance , 
Valid Data 
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NEC 


NEC Electronics Inc. 


Description 


The MC-421000A 36 is a fast-page dynamic RAM module 
organized as 1,048,576 words by 36 bits and designed 
to operate from a single +5-volt power supply. Ad- 
vanced CMOS circuitry ensures minimum power dissi- 
pation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 1024 
address combinations of Ap through Ag during a 16-ms 
period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight and cost 
of asystem. Each SIMM contains eight 1,048,576 x 4-bit 
UPD424400s in SOJ packages, four 1,048,576 x 1-bit 
UPD421000s in SOJ packages, and twelve power supply 
decoupling capacitors for noise reduction. DQo 
through DQ3s are common input/output pins. 


Features 


1,048,576-word by 36-bit organization 
Single + 5 V power supply 

Fast-page option 

Low power dissipation 

RAS-only refresh cycles 

CAS before RAS refresh cycles 
Hidden refresh cycles 

1024 refresh cycles every 16 ms 
TTL-compatible inputs and outputs 
72-pin SIMM packaging 


bBoonoooauaoaaoda 


SIMM is a trademark of Wang Laboratories. 


60122 New 70 ns speed and 1-inch height will be available in 1991. 





MC-421000A36 
1,048,576 x 36-Bit 
Dynamic CMOS RAM Module 


Pin Configuration 


72-Pin SIMM 


Notes: 
[t] Pins 67 through 70 are defined by access time: 


B3YL-7241A 
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MC-421000A36 


Block Diagram 


CAS RAS 
Din‘DouT 
Mo 


Address ——-> Dg - D7 and Mg- M3. 
WE ——> Dg - D7 and Mo- Mg. 


Voc EPS Do-D7 and Mg- M3. 
07-11 
Vss. = Do - D7 and Mp- M3. 


Notes: 


[1] Dg through D7 pertain to the 1PD424400 and Mothrough M 3to the uPD421000. 
83YL-7242B 





5-148 


yA 


EC 


Pin Identification 


Name Function 

Ao - Ag Address inputs 

CAS) - CAS3 Column address strobe 

DQo - DQ35 Common data inputs/outputs 
RASp - RAS Row address strobe 

WE Write enable 

GND Ground 

Voc +5-volt power supply 

NC No connection 


Recommended Operating Conditions 


MC-421000A36 
Absolute Maximum Ratings 
Voltage on any pin relative to GND -10to+7.0V 
Operating temperature, Topr Oto +70°C 
Storage temperature, Tstg -55 to + 125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 12 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 





Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 V 
Input voltage, low VIL -1.0 0.8 V 
Supply voltage Voc 4.75 5.0 5.25 Vv 
Ambient temperature Ta 0 70 °C 
Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol! Max Unit Pins Under Test 
Input Cr 88 pF Ao - Ag 
capacitance Cp 104 pF WE 
Cig 57 pF RAS 
Ci4 36 pF CAS 
Input/output Cio/Coo 17 pF DQo - DQ7, DQg - DQ4g, DQ4g - DQa5, DQ97 - DOg4 
capacitance CialCop 22 pF DQg, DQ17, DQz¢, DA35 


Ordering Information 


Part Number Row Access Time (max) 


R/W Cycle Time (min) 


Fast-Page Cycle (min) Package 


MC421000A36BH-70 70 ns 140 ns 45 ns 72-pin socket-mountable 
BH-80 80 ns 160 ns 50 ns SIMM (older: plating) 
BH-10 100 ns 190 ns 60 ns 

MC421000A36FH-70 70 ns 140 ns 45 ns 72-pin socket-mountable 
FH-80 80 ns 160 ns 50 ns SIMM Gols:pratine) 
FH-10 100 ns 190 ns 60 ns 








MC-421000A36 


DC Characteristics 


Ta = 0 to +70°C; Vog = +5.0 V £5% 


Parameter 


Standby current 


Input leakage current 


Output leakage current 
Output voltage, low 


Output voltage, high 


AC Characteristics 


Symbol 


loce 


ha 


lo(t) 
VoL 
Vou 


Ta = 0 to +70°C; Voco = +5.0V £5% 


Parameter 


Operating current, average 


Operating current, RAS-only 
refresh cycle, average 


Operating current, fast-page 
cycle, average 


Operating current, CAS before 
RAS refresh cycle, average 


Access time from column 
address | 


Access time from CAS 
precharge (rising edge) 


Column address setup time 
Row address setup time 


Access time from CAS (falling 
edge) 


Column address hold time 
CAS pulse width 


CAS hold time for CAS before 
RAS. refresh cycle 


CAS to output in low 
impedance 


CAS precharge time, fast-page 
cycle 
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Symbol 


leet 
loos 
loca 
lees 


taa 

tacp 
tasc 
tasr 


toac 


tcaH 
toas 
tour 


toLz 


top 


Min 
-120 
-10 
2.4 
-70 
Min Max 
1120 
1120 
920 
1120 
35 
40 
20 
17 
20 10,000 
15 
0 
10 20 


Max 
24 
12 

120 


10 
0.4 


20 
20 
15 


10 


Max 
1000 


1000 


800 


1000 


45 


45 


20 


10,000 


20 


Unit 
mA 
mA 
LA 


HA 


Min 


20 
25 
20 


10 


NEC 


Test Conditions 
RAS = CAS = Vyy (min) 
RAS = CAS = Voo-0.2V 


Vin = 0 V to Voc; 
all other pins not under test = 0 V 


DQ) to DQ35 disabled; Voyt = OV toVec 


lo = 42mA 
lon = -5 mA 
-10 
Max Unit Test Conditions 
880 mA RAS and CAS cycling; 
trac = tro min; 
lo = 0 mA (Note 5) 
880 mA RAS cycling; CAS = Vip; 
trac = tro min; 
lo = O mA (Note 5) 
680 mA RAS < Vi; CAS cycling; 
tpo = tpco min; 
lo = 0 mA (Note 5) 
880 mA __ RAS cycling; CAS before 
RAS; tao = tao min; 
lo = O mA (Note §) 
55 ns (Notes 7, 9) 
55 ns (Notes 7, 9) 
ns 
ns 
25 ns (Notes 7, 9) 
ns 
10,000 ns 
ns 
ns (Note 7) 
25 ns 


NEC 


AC Characteristics (cont) 


-70 
Parameter Symbol Min Max 
CAS precharge time, nonpage topn 10 
cycle 
CAS to RAS precharge time tcrp 10 
CAS hold time tesH 70 
CAS setup time for CAS before tosr 10 
RAS refresh cycle 
Data-in hold time toy 15 
Data-in setup time tps 0 
Output buffer turnoff delay torr 0 15 
Fast-page cycle time tpc 45 
Access time from RAS trac 70 
RAS to column address delay tRaD 15 35 
time 
Row address hold time tRAH 10 
Column address lead time tRAL 35 
referenced to RAS (rising edge) 
RAS pulse width tras 70 10,000 
RAS pulse width, fast-page tRasp 70 100,000 
cycle 
Random read or write cycle tro 140 
time 
RAS to CAS delay time trop 20 60 
Read command hold time tRoH 0 
referenced to CAS 
Read command setup time tros 0 
Refresh period tREF 16 
RAS precharge time trp 60 
RAS precharge CAS hold time trec 10 
Read command hold time tARH 10 


referenced to RAS 


Min 
10 


10 


10 


20 


50 


17 


45 


80 
80 


160 


25 


70 
10 
10 


Max 


20 


&|S 


10,000 
100,000 


16 


17 


12 
55 


100 
100 


190 


25 


-10 
Max 


25 


100 
45 


10,000 
100,000 


75 


Unit 


ns 


ns 
ns 


ns 


ns 
ns 
ns 
ns 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
ms 
ns 
ns 


ns 


MC-421000A36 


Test Conditions 


(Note 12) 


(Note 15) 
(Note 15) 
(Note 10) 
(Note 6) 
(Notes 7, 8) 
(Note 9) 





(Note 6) 


(Note 11) 
(Note 13) 


Addresses Ap - Ag 


(Note 13) 
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MC-421000A36 NV. KE C 


AC Characteristics (cont) 














-70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
RAS hold time trsy 20 20 25 ns 

Rise and fall transition time tr 3 50 3 50 3 50 ns (Note 3) 
Write command hold time twcH 15 15 20 ns 
Write command setup time twes ie) 0 0 ns (Note 16) 
WE hold time tWHR 15 15 20 ns 
WE setup time twsr 10 10 10 ns 
Write command pulse width twp 15 15 20 ns (Note 14) 

Notes: 

(1) All voltages are referenced to GND. (11) Operation within the trop (max) limit assures that trac (max) 


can be. met. tacp (max) is specified as a reference point only; if 
trop is greater than taop (max), then access time is controlled 
exclusively by tcac. 


(2) Aninitial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is ‘ ; — 
recommended that either a RAS-only refresh or a CAS before (12) The terp requirement should be applicable for RAS/CAS cycles 


RAS refresh cycle be executed while WE = Vj} to ensure normal preceded by any cycle. 
operation. (13) Either tany or tacy must be satisfied for a read cycle. 
(3) AC measurements assume ty = 5ns. (14) Parameter twp is applicable for a delayed write cycle such as a 
(4) Vin (min) and Vi, (max) are reference levels for measuring the read-write/read-modify-write cycle. For early write operation, 
timing of input signals. Transition times are measured between both twos and twox must be met. 
Vin and Vj,. (15) These parameters are referenced to the falling edge of CAS for 
(8) loot loca: loca: and logs depend on output loading and cycle early write cycles and to the falling edge of WE for delayed write 
rates. Specified values are obtained with the output open. Iog3 or read-modify-write cycles. 
is measured assuming that all column address inputs are held at (16) twos, tawp: towp: and tawp are restrictive operating parame- 
either a high level or a low level during RAS-only refresh cycles. ters in read-write/read-modify-write cycles only. Iftwos = twos 
loca is measured assuming that all column address inputs are (min), the cycle is an early write cycle and the data output will 
switched only once during each fast-page cycle. remain open-circuit throughout the entire cycle. Iftowp = tcewp 
(6) The minimum specifications are used only to indicate the cycle (min), tawp 2 tRwp (min), and tawp 2 tawp (min), the cycle is 
time at which proper operation over the full temperature range a read-write cycle and the data output will contain data read 
(Ta = O to +70°C) is assured. from the selected cell. If neither of the above conditions is met, 


the condition of the data output pin (at access time and until 
CAS returns to Vip) is indeterminate. 


(17) A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at Vj. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It_is therefore 
recommended that while WE is held at Vjq, either a RAS-only or 

(9) If trap = trap (max), then the access time is defined by taa. CAS before RAS refresh cycle should be executed at any time 

after the end of the initial power-up sequence to ensure normal 

device operation. 


(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF (Voy = 2.0V, 
VoL = 0.8 V). 


(8) Assumes that tacp = tacp (max) and tran = trap (max). If 
tRop OF trap is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or trap 
exceeds the value shown. 


(10) tor¢ (max) defines the time at which the output achieves the 
open-circuit condition an is not referenced to Voy or VoL. 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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NV. E Cc MC-421000A36 


Timing Waveforms (cont) 


Fast-Page Read Cycle 





tRCH 


|. si7 


tCAC tcac TAA 


tcac 
teLz tOFF tcLz lOFF 
tcLz 


tACP 


High Impedance a \y Valid 7 yy Valid >) yy Valid 
Data-out Data-out Data-out 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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NV. KE Cc MC-421000A36 


Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


Note: 
[1] WE 2 Vy. 





CAS Betore RAS Retresh Cycle 


High Impedance 





Note: 
[1] Address = don't care. 
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MC-421000A36 NV. E Cc 


Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 


tRc tre 
tRAS 


Address 


Valid Data 


83YL-7247B 
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NEC Electronics Inc. 


MC-422000A36BH/FH 
2,097,152 x 36-Bit 
Dynamic CMOS RAM Module 





Description 


The MC-422000A36BH/FH is a fast-page dynamic RAM 
module organized as 2,097,152 words by 36 bits and 
designed to operate from a single + 5-volt power sup- 
ply. Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 1024 
address combinations of Ag through Ag during a 16-ms 
period. 


Single Inline Memory Module (SIMM™) packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. Each SIMM contains sixteen 1,048,576 x 
4-bit uPD424400s in SOJ packages, eight 1,048,576 x 
1-bit uPD421000s in SOJ packages, and twenty-four 
power supply decoupling capacitors for noise reduc- 
tion. DQo through DQgs5 are common input/output pins. 


Features 


2,097,152-word by 36-bit organization 
Single + 5 V +5% power supply 
Fast-page cycles 

Low power dissipation 

RAS-only refresh cycles 

CAS before RAS refresh cycles 
Hidden refresh cycles 

1024 refresh cycles every 16 ms 
TTL-compatible inputs and outputs 
72-pin SIMM packaging 


ooOo0o0dr ogo ono 


SIMM is a trademark of Wang Laboratories. 


60123 New 70 ns speed and 1-inch height will be available in 1991. 


Pin Configuration 


72-Pin SIMM 


zie 


9 
8 
7 
6 
5 
4 
3 
2 
1 


Notes: 
{1] Pins 67 through 70 are defined by access time: 


83YL-7256A 
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MC-422000A36BH/FH 





Block Diagram 


RAS = CAS 


vO4 
OE 
aaa a 
CAS RAS RAS CAS 
Din/Dour M1 


Din/Dour Mo saat 


VO4 RAS 


"Oo 
Og 
VvO4 


CAS RAS RAS CAS 
Din/Dour M4 Din/Dour M5 


CAS 
DQ35 Din/Dout M6 Din/Dout M7 


Ao~Ag @-——-—— _ Do~ Dis, Mo~M7 Do~ Dis: pPD424400LB 
WE *———> Do~D15,Mo~M7 Mo~M7: pPD421000LA 


———> D0~D15,Mo~M7 
Co~ C23 
Vgg > D0~D15, Mo~M7 
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Pin Identification 


MC-422000A36BH/FH 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 
Operating temperature, Topr 
Storage temperature, Tstg 
Short-circuit output current, log 


Power dissipation, Pp 


-1.0to +7.0V 
Oto + 70°C 
~55 to + 125°C 
50 mA 

24W 


Name Function 

Ao - Ag Address inputs 

CASp - CAS Column address strobe 

DQp - DQ35 Common data inputs/outputs 
RASq - RAS2 Row address strobe 

WE Write enable 

GND Ground 

Voc +5-volt power supply 

NC No connection 


Recommended Operating Conditions 


Parameter Symbol Min Max Unit 
Input voltage, high Vy 2.4 Veo+ 1.0 V 
Input voltage, low VIL -1.0 Vv 
Supply voltage Voc 4.75 5.25 Vv 
Ambient temperature Ta 0 °C 
Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol Max Unit 
Input Cy 161 pF 
capacitance Cp 193 pF 
Cig 62 pF 
Cu 62 pF 
Input/output Cio/Coo 29 pF 
capacitance CialCos 39 pF 


Ordering Information 
Part Number 


Row Access Time (max) 


R/W Cycle Time (min) 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Pins Under Test 

Ag - Ag 

WE 

RAS 

CAS 

DQq - DQ7, DQg - DQig, DQyg - DQa5, DQa7 - DOg4 
DQs, DQ47, DQe6, DQ35 


Fast-Page Cycle (min) Package 


MC422000A36BH-70 70 ns 140 ns 45 ns 72-pin socket-mountable 
BH-80 80 ns 160 ns 50 ns SMM (eolder plating) 
BH-10 100 ns 190 ns 60 ns 

MC422000A36FH-70 70 ns 140 ns 45 ns 72-pin socket-mountable 
FH-80 80 ns 160 ns 50 ns SIMM ool anal 
FH-10 100 ns 190 ns 60 ns 
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NMC-422000A36BH/FH 


DC Characteristics 
Ta = 0 to +70°C; Veg = +5.0V +5% 


Parameter Symbol 
Standby current loce 
Input leakage current ut) 
Output leakage current low) 
Output voltage, low VoL 
Output voltage, high VoH 


AC Characteristics 
Ta = O to +70°C; Vog = +5.0 V 5% 


Parameter Symbol 
Operating current, average loo4 
Operating current, RAS-only loos 
refresh cycle, average 

Operating current, fast-page loca 
cycle, average 

Operating current, CAS before loos 
RAS refresh cycle, average 

Access time from column taa 
address 

Access time from CAS tacp 
precharge (rising edge) 

Column address setup time tasc 
Row address setup time tasr 
Access time from CAS tcac 
(falling edge) 

Column address hold time tcaH 
CAS pulse width tcas 
CAS hold time for CAS before tcHR 
RAS refresh cycle 

Data setup time toLz 
CAS precharge time, fast-page top 


cycle 
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Min 
240 
~-10 
2.4 
-70 
Min Max 
1180 
1180 
980 
1180 
35 
40 
20 
17 
20 10,000 
15 
fe) 
10 20 


Max Unit 
48 mA 
24 mA 

240 uA 
10 HA 
0.4 Vv 

Vv 
~80 
Min Max 
1060 
1060 
860 
1060 
45 
45 
20 
20 
20 10,000 
15 
0 
10 20 


Min 


20 
25 
20 


10 


NEC 


Test Conditions 
RAS = CAS = Viy (min) 
RAS = CAS = Voc -0.2V 


Vin = 0 V to Voc; 
all other pins not under test = 0 V 


DQ to DQgg disabled; VoyT = OV to Voc 
lo. = 4.2 mA 


lon = -5 mA 
Max Unit Test Conditions 
940 mA RAS and CAS cycling; 
tro = tac min; 
lo = O mA (Note 5) 
940 mA RAS cycling; CAS = Vin: 
tac = taco min; 
lo = O mA (Note 5) 
740 mA RAS = Vi; CAS cycling; 
tpo = tpc min; 
lo = O mA (Note 5) 
940 mA RAS cycling; CAS before 
RAS; taco = tro min; 
lo = 0 mA (Note 5) 
55 ns (Notes 7, 9) 
55 ns (Notes 7, 9) 
ns 
ns 
25 ns (Notes 7, 9) 
ns 
10,000 ns 
ons 
ns 
25 ns 
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AC Characteristics (cont) 























-70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
CAS precharge time, nonpage topn | 10 10 10 ns 
cycle 
CAS to RAS precharge time torp 10 10 10 ns (Note 12) 
CAS hold time tosu 70 ~ 80 100 ns 
CAS setup time for CAS before tosrR 10 10 10 ns 
RAS refresh cycle 
Data-in hold time tpH 15 20 20 ns (Note 15) 
Data-in setup time tos 0 0 0 ns (Note 15) 
Output buffer turnoff delay _ torr 0 15 0 20 0 25 ns (Note 10) 
Fast-page cycle time tpc 45 50 60 ns (Note 6) 
Access time from RAS trac 70 80 100 ns (Notes 7, 8) 
RAS to column address delay trap 15 35 17 35 17 45 ns (Note 9) 
time 
Row address hold time tRAH 10 12 12 ns 
Column address lead time tRAL 35 45 55 ns 
referenced to RAS (rising edge) 
RAS pulse width tras 70 10,000 80 10,000 100 10,000 ns 
RAS pulse width, fast-page trasp 70 = 100,000 80 100,000 100 100,000 ns 
cycle oh 
Random read or write cycle tac 130 160 190 ns (Note 6) 
time 
RAS to CAS delay time trop 20 60 25 60 25 75 ns (Note 11) 
Read command hold time trou fe) 0 0 ns (Note 13) 
referenced to CAS 
Read command setup time tres 0: 0 0 ns 
Refresh period tREF 8 8 8 ms Addresses Ag - Ag 
RAS precharge time trp 60 70 80 ns 
RAS precharge CAS hold time treo 10 10 10 ns 
Read command hold time tRRH 10 10 10 ns (Note 13) 
referenced to RAS 
RAS hold time trsH 20 20 25 ns 
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AC Characteristics (cont) 














-70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Rise and fall transition time tr 3 50 3 50 3 50 ns (Note 3) 
Write command hold time twou 15 15 20 ns 
Write command setup time twos 0 0 0 ns (Note 16) 
WE hold time twHR 15 15 20 ns 
WE setup time twsR 10 10 10 ns 
Write command pulse width twp 15 15 20 ns (Note 14) 

Notes: 

(1) All voltages are referenced to GND. (11) Operation within the tacp (max) limit assures that trac (max) 


can be met. tacp (max) is specified as a reference point only; if 
trop is greater than taop (max), then access time is controlled 
exclusively by tcac. 


(2) An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is : : foe 
recommended that either a RAS-only refresh or a CAS before (12) The torp requirement should be applicable for RAS/CAS cycles 


RAS refresh cycle be executed while WE = Vj} to ensure normal preceded by any cycle. 
operation. (13) Either tany or tac must be satisfied for a read cycle. 
(8) AC measurements assume ty = 5 ns. (14) Parameter twp is applicable for a delayed write cycle such as a 
(4) Vin (min) and Vj, (max) are reference levels for measuring the read-write/read-modify-write cycle. For early write operation, 
timing of input signals. Transition times are measured between both twes and twox must be met. 
Vin and Vj. (15) These parameters are referenced to the falling edge of CAS for 
(5) lect loos: loo4, and legs depend on output loading and cycle early write cycles and to the falling edge of WE for delayed write 
rates. Specified values are obtained with the output open. Iocg or read-modify-write cycles. 
is measured assuming that all column address inputs are held at (16) twos; tawp: tewp: and tawp are restrictive operating parame- 
either a high level or a low level during RAS-only refresh cycles. ters in read-write/read-modify-write cycles only. Iftwos = twos 
loc4 is measured assuming that all column address inputs are (min), the cycle is an early write cycle and the data output will 
switched only once during each fast-page cycle. remain open-circuit throughout the entire cycle. Iftowp = towp 
(6) The minimum specifications are used only to indicate the cycle (min), tawp = trwo (min), and tawp = tawp (min), the cycle is 
time at which proper operation over the full temperature range a read-write cycle and the data output will contain data read 
(Ta = Oto +70°C) is assured. from the selected cell. If neither of the above conditions is met, 


the condition of the data output pin (at access time and until 
CAS returns to Vj) is indeterminate. 


(17) A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at Vi_. This mode also may inadvert- 
ently be initiated during power-up because external control of 

- the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at Vip, either a RAS-only or 

(9) Iftpap = trap (max), then the access time is defined by ta. CAS before RAS refresh cycle should be executed at any time 

after the end of the initial power-up sequence to ensure normal! 

device operation. 


(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF (Voy = 2.0V, 
VoL = 0.8 V). 


(8) Assumes that tacp = tacp (max) and trap = trap (max). If 
trop or trap is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or trap 
exceeds the value shown. 


(10) torr (max) defines the time at which the output achieves the 
open-circuit condition an is not referenced to Voy or Vo. 
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Timing Waveforms 


Read Cycle 





5-165 


MC-422000A36BH/FH NV. E Cc 


Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 





tcac tcac i TAA 


Icac 
tcLz torr tcLz toFF ; 


High Impedance i i 
DouT —_ (x pate-cut UX pata-out 


| as 













ay Valid 
Data-out 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


High Impedance 





Note: 
[1] Address = don't care. 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 


tro 
tRAS 


Address 


Valid Data 
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Dynamic RAMs 


NEC 





Section 6 

Dynamic RAMs 

pPD41256 6-1 »PD424101 6-167 
262,144 x 1-Bit Dynamic CMOS RAM 4,194,304 x 1-Bit Dynamic CMOS RAM 

pPD41464 6-19 pPD424102 6-183 
65,536 x 4-Bit Dynamic NMOS RAM 4,194,304 x 1-Bit Dynamic CMOS RAM 

»PD421000 6-39 pPD424400 6-199 
1,048,576 x 1-Bit Dynamic CMOS RAM 1,048,576 x 4-Bit Dynamic CMOS RAM 

pPD421001 6-55 pPD424402 6-215 
1,048,576 x 1-Bit Dynamic CMOS RAM 1,048,576 x 4-Bit Dynamic CMOS RAM 

pPD421002 6-69  pPD424410 6-229 
1,048,576 x 1-Bit Dynamic CMOS RAM 1,048,576 x 4-Bit Dynamic CMOS RAM 

uPD424256 6-83 uPD424412 6-245 
262,144 x 4-Bit Dynamic CMOS RAM 1,048,576 x 4-Bit Dynamic CMOS RAM 

pPD424258 6-101 pPD424800 6-261 
262,144 x 4-Bit Dynamic CMOS RAM 524,288 x 8-Bit Dynamic CMOS RAM 

pPD424266 6-117 Application Note 53 6-277 
262,144 x 4-Bit Dynamic CMOS RAM uPD421000/421001/421002 

262,144 x 4-Bit Dynamic CMOS RAM 

»uPD424100 6-151 


4,194,304 x 1-Bit Dynamic CMOS RAM 


Additional New Product Information 


Comments 


4M x 1-bit DRAM enhancements 
1M x 4-bit DRAM enhancements 


512K x 8-bit static-column DRAM 
512K x 8-bit fast-page DRAM with 


512K x 8-bit static-column DRAM with write-per- 


Device Number Description 
Dynamic RAMs 
uPD421000/1/2 1M x 1-bit; TSOP packaging 
uPD424256/258/266/268 256K x 4 bits; TSOP packaging 
pPD424100/1/2 
uPD424400/402/410/412 
uPD424802 
uPD424810 
write-per-bit option 
uPD424812 
bit option 
UPD42xxxx« Various 256K x 16-bit DRAMs 


New package (GX suffix) 
New package (GX suffix) 


New speeds of 60 and 70 ns; new 300-mil SOU (LA 
suffix); new TSOP package (Gx suffix) 


New speeds of 60 and 70 ns; new 300-mil SOJ 
package (LA suffix); new TSOP package (Gx suffix) 


Speeds to 70 ns; SOJ and ZIP packaging 
Speeds to 70 ns; SOJ and ZIP packaging 


Speeds to 70 ns; SOJ and ZIP packaging 


40-pin SOJ, samples first half 1991 


NEC a 
262,144 x 1-Bit 


NEC Electronics Inc. Dynamic NMOS RAM 


Description Pin Configurations 


The pPD41256 is a 262,144-word by 1-bit dynamic RAM 46-Pin Plastic DIP 
designed to operate from a single +5-volt power supply 
and fabricated with a double polylayer, N-channel, 
silicon-gate process for high density, high performance, 
and high reliability. A single-transistor storage cell and 
advanced dynamic circuitry, including 1024 sense ampli- 
fiers, ensure that power dissipation is minimized, while 
an on-chip circuit generates the negative-voltage sub- 
strate bias—automatically and transparently. 


The three-state output is controlled by CAS independent 
of RAS. After a valid read or read-modify-write cycle, data 
is held on the output by holding CAS Jow. The data 
output is returned to high impedance by returning CAS 
high. A hidden refresh feature allows CAS to be held low 
to maintain output data while RAS is used to execute 
refresh cycles. 


83IH-5121A 


Refreshing may be accomplished by means of RAS-only 
refresh cycles, hidden refresh cycles, CAS before RAS 
refresh cycles, or by normal read or write cycles on the 
256 address combinations of Ap through A7 during a 
4-ms refresh period. 


Features 





262,144-word x 1-bit organization 

High-density plastic DIP and PLCC packaging 
Multiplexed address inputs 

Single +5-volt power supply 

On-chip substrate bias generator 

Low power dissipation of 28 mW max (standby) 
Nonlatched, three-state outputs 

Fully TTL-compatible inputs and outputs 

Low input capacitance 

256 refresh cycles every 4 ms 

Optional page cycle 

RAS-only, hidden, and CAS before RAS refreshing 
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pPD41256 


Ordering Information 





Row Access Power Supply 
Part Number Time (max) R/W Cycle (min) Page Cycle (min) Tolerance Package 
pPD41256C-80 80 ns 160 ns 70 ns #£5% 16-pin plastic DIP 
C-85 85 ns 165 ns 70 ns 
C-10 100 ns 200 ns 100 ns +10% 
PD41256L-80 80 ns 160 ns 70 ns +5%. 18-pin plastic leaded chip carrier 
L-85 85 ns 165 ns 70 ns 
L-10 100 ns 200 ns 100 ns +10% 


Pin Identification 


Absolute Maximum Ratings 











Name Function Voltage on any pin relative to GND, Vy ~1.0to +7.0V 
Ao - Ag Address inputs Operating temperature, T, (ambient) 0 to +70°C 
CAS Column address strobe Storage temperature, Tstg ~55 to +125°C 
Din Data input Short-circuit output current, log 50 mA 
Dout Data output Power dissipation, Pp 1.0W 
RAS Row address strobe Exposure to Absolute Maximum Ratings for extended periods may 
WE Write enable affect device reliability; exceeding the ratings could cause permanent 
GND Ground damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 

Voc +5-volt power supply 
NC No connection Recommended Operating Conditions 

: Parameter Symbol Min Typ Max Unit 
egnar ae Supply voltage Voc 45 5.0 55 V 
Parameter Symbol Unit Pins Under Test “Put yaltage. high Mil sal Nog 10. 
Input capacitance Cy PF Ap-Ag Dn Input voltage, low Vit -1.0 0.8 Vv 

Cp oF RAS, CAS, WE Ambient temperature Ta 0 70 °C 
Output capacitance Coyt PF = Dour Notes: 
(1) Voc = +5 V +5% for the -80 and ~85 versions. 

DC Characteristics 
Ta = Oto +70°C; Vog = +5.0 V +10% 
Parameter Symbol! Min Max Unit Test Conditions 
Standby supply current loce 5.0 mA RAS = Vini Dour = high impedance 
Input leakage current I ~10 10 BA Vin = 0 V to Voc; all other pins not under test = 0 V 
Output leakage current low) -10 10 HA Dour disabled; Voy7 = 0 V to Voc 
Output voltage, low VoL 0.4 Vv lo. = 4.2 mA 
Output voltage, high Vor 2.4 Vv louT = ~5 mA 
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Block Diagram 


CAS Before RAS 


Internal Refresh 
Clock 


Refresh Address 
Counter 


AC Characteristics 
Ta = Oto +70°C 


Parameter 
Supply voltage 


Operating supply current, 
average 


Operating supply current, 
RAS-only refresh cycle, 
average 


Operating supply current, 
page cycle, average 


Operating current, CAS 
before RAS refresh cycle, 
average 


Random read or write cycle 
time 


Read-write cycle time 
Page cycle time 
Access time from RAS 
Access time from CAS 


Multiplexer 


Address Buffer 


Symbol 
Voc 
Ioct 


locs 


loca 


locs 


tac 


tawG 
tpc 

thac 
tcac 


Row Decoder 


CAS Clock 
Generator 


WE Clock 
Generator 


Data I/O Bus 
Column Decoder 
Sense Amplifier 


Memory Array 


pPD41256-80 
Min Max 
4.75 5.25 
90 
80 
70 
80 
180 
185 
70 
80 
40 


pPD41256-85 
Min Max 
4.75 5.25 
90 
80 
70 
80 
165 
195 
70 
85 
40 


Min 
45 


200 


240 
100 


uPD41256-10 


Max 
5.5 
80 


65 


60 


65 


100 
50 


Data-out 
Buffer 





Unit 


mA 


mA 


mA 


mA 


ns 


ns 
ns 
ns 


ns 
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Test Conditions 


RAS, CAS cycling; 


tac = tac (min); 
Io = OmA (Note 5) 


RAS cycling; CAS = Vii; 


tac = trc (min); lo = 
0 mA (Note 5) 


RAS < Vj; CAS cycling; 


tpc = tpc (min); lo = 
0 mA (Note 5) 


CAS < Vj,; RAS cycling; 
tac = trc (min); /O = 
0 mA (Note 5) 


(Note 6) . 


(Note 6) 
(Note 6) 
(Notes 7, 8) 
(Notes 7, 9) 
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AC Characteristics (cont) 


Parameter 

Output buffer turnoff delay 
Rise and fall transition time 
RAS precharge time 

RAS pulse width 

RAS hold time 


RAS to CAS delay time 
CAS to RAS precharge time 


CAS precharge time, _ 
nonpage cycle ~ 


CAS precharge time, page 
cycle 


RAS precharge CAS hold 
time 


Row address setup time 
Row address hold time 
Column address setup time 
Column address hold time 


Column address hold time 
referenced to RAS 


Read command setup time 


Read command hold time 
referenced to RAS 


Read command hold time 
referenced to CAS 


Write command hold time 


Write command hold time 
referenced to RAS 


Write command pulse width 


Write command to RAS lead 
time 


Write command to CAS lead 
time 


Data-in setup time 
Data-in hold time 


Data-in hold time referenced 
to RAS 


Refresh period 

WE command setup time 
CAS to WE delay 

RAS to WE delay 


CAS setup time for CAS 
before RAS refresh cycle 
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Symbol 
torF 
tr 
tap 
tras 
taSH 
tcas 
tcsH 
taco 
tcrp 
tcpN 


tcp 


tapc 


tasr 
tRAH 
tasc 


tCAH 
tar 


tacs 
tRRH 


tRCH 


tWCH 
twor 


tRWL 


towL 


tos 
too 
toHR 


tREF 
twos 
tcwo 
tawo 
tcsr 


pPD41256-80 


Min Max 


0 20 

3 50 
70 
80 16,000 
40 
40 10,000 
80 
20 40 

10 
25 


20 


10 


15 
55 


10 


20 
60 


20 
20 


20 


20 
60 


40 
80 
10 


uPD41256-85 


Min Max 


0 20 

3 50 
70 

85 16,000 
40 
40 10,000 
85 
20 45 

10 
25 


20 


20 
65 


15 


40 
85 
10 
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Min Max 


0 25 

3 50 
90 
100 10,000 
50 

50 10,000 
100 

20 50 

10 

25 


40 


10 


15 
65 


10 


25 
75 


15 
35 


35 


25 
75 


50 
100 
10 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ms 


ns 


ns 


ns 


ns 


NEC 


Test Conditions 
(Note 10) 
(Note 4) 


(Note 11) 
(Note 12) 


(Note 13) 


(Note 18) 
(Note 17) 


(Note 14) 
(Note 14) 


Addresses Ag - Az 
(Note 15) 
(Note 15) 
(Note 15) 
(Note 16) 


NEC 


AC Characteristics (cont) 


Parameter Symbol Min Max 

CAS hold time for CAS tour 20 15 
before RAS refresh cycle 

Read-write cycle time trac N/A 

(counter test cycle) 

Read-write cycle time trawc N/A 


uPD41256-80 


(counter test cycle) 


Notes: 


(1) 
(2) 


& 2 


All voltages are referenced to GND. 


An initial pause of 100 us is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


AC measurements assume ty = 5ns. 


Viry (min) and Vj, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vi. 


loci: locos: loca, and Iocs depend on output loading and cycle 
rates. Specified values are obtained with the output open. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto +70°C) is assured. 


Output load = 2 TTL loads and 100 pF 


Assumes that tacp = tacp (max). If tacp is greater than the 
maximum recommended value shown in this table, taac will 
increase by the amount that tacp exceeds the value shown. 


Assumes that tacp = tacp (max) 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or Vo_. 


Operation within the tacp (max) limit assures that taac (max) 
can be met. tacp (max) is specified as a reference point only. If 
tacp is greater than the specified tacp (max) limit, then access 
time is controlled exclusively by tcac. 


N/A 


N/A 


pPD41256-85 
Min 


(12) 


(13) 
(14) 


(18) 


(16) 


(17) 


(18) 


yPD41256 


uPD41256-10 


Max Min Max Unit Test Conditions 
20 ns (Note 16) 
220 ns (Note 18) 
260 ns (Note 18) 


The tcrp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either tany Or tacy must be satisfied fora read cycle. 


These parameters are referenced to the leading edge of CAS in 
early write cycles and to the leading edge of WE in delayed write 
or read-modify-write cycles. 


twes, tcwo, and tawp are restrictive operating parameters in 
tead-write and read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftcwp = tcwo 
(min) and tawp = trwp (min), the cycle is a read-write cycle and 
the data output will contain data read from the selected cell. if 
neither of the above conditions is met, the condition of the data 
output (at access time and until CAS goes back to Viz) is 
indeterminate. 


DIP products with process codes E, K, P and X do not have the 
CAS before RAS refresh feature. All other package types and 
process codes do have CAS before RAS refreshing. 


On DIP products with process codes E, K, P and X, the external 
address inputs are required in hidden refresh cycles and the 
address timing must satisfy tasp and taay, which are specified 
with respect to the falling edge of RAS. 


twp is applicable for a delayed write cycle. If the cycle is early 
write, it should be satisfied with the specified value of twop. 


trac and trawc are applicable for a CAS before RAS refresh 
counter test cycle. 
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Timing Waveforms 


ReadC ycle 


a 


tRAH tasc 'CAH 


main 1//R rovrconm H/// courmsion WLLL) 


—_ I. 
tRAC 'OFF 
High impedance 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Hidden Retresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
tro 
tRAS 


tRCD tRSH 


“I 
« 


tCAH 


a = , | 
= tOFF . 


High Impedance x 
Valid Data 
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Timing Waveforms (cont) 


CAS Before RAS Retresh Cycle 


High impedance 
DOUT 


Note: 
[1] WE and Address = don't care. 


RAS-Only Refresh Cycle _ 


High Impedance 





pPD41256 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 





ae: tc —l| 
see L as Re 


| DH 


tos 


tcac—> 


High Impedance 
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Timing Waveforms (cont) 


Page Read Cycle 











RAH - tCAH ial 


i -aestjamplsan ce MMMM, 
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Timing Waveforms (cont) 


Page Early Write Cycle 
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Timing Waveforms (cont) 


Page Read-Write/Read-Modify-Write Cycle 
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CAS Before RAS Refresh Counter Test 


The yuPD41256 provides a method to verify proper 
operation of the internal address counter used in CAS 
before RAS refreshing. After a CAS before RAS refresh 
cycle is initiated, CAS satisfies a hold time (tour), a 
precharge time (tcp), and then returns low while RAS is 
held low to enable read, write, or read-modify-write 
operation. As shown in the appropriate timing wave- 
forms, a refresh counter test can be initiated at this 
point on specified row and column addresses. The row 
is selected by the internal address counter, and the 
column is defined by an external address supplied at 
the second falling edge of CAS. Test patterns can be 
generated in several ways; the following example is 
one possibility. Any pattern must be preceded by the 
normal power-up procedure containing a pause of 100 
us and then eight RAS cycles to initialize the internal 
counter. 
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(1) 


(2) 


(3) 


(4) 


NEC 


Write “0” into 256 memory cells with 256 CAS 
before RAS refresh counter test write cycles. Use 
the same column address in each cycle. 


Use a counter test read-modify-write cycle to read 
the “O” written in the first cycle of step 1 and then 
write a “1” into that location in the same cycle. 
Perform this operation 256 times, until a “1” is 
written into each of the 256 memory cells. Con- 
tinue using the same column address as specified 
in step 7. 


Read each “1” written in step 2 using a counter 
test read cycle. 


Complement the test pattern and repeat steps 1, 
2, and 3. 


NV. E Cc uPD41256 


Timing Waveforms (cont) 


CAS Before RAS Refresh Counter Test Read Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Counter Test Write Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Counter Test Read-Modify-Write Cycle 
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NEC oe 
65,536 x 4-Bit 


NEC Electronics Inc. Dynamic NMOS RAM 


Description Pin Configurations 


The uPD41464 is a 65,536-word by 4-bit dynamic RAM 18-Pin Plastic DIP 
designed to operate from a single + 5-volt power sup- 
ply and fabricated with a double polylayer, N-channel 
silicon-gate process for high density, high perfor- 
mance, and high reliability. A single-transistor storage 
cell and advanced dynamic circuitry ensure minimum 
power dissipation, while an on-chip feature internally 
generates the negative voltage substrate bias—au- 
tomatically and transparently. 


The three-state I/O is controlled by CAS independent of 
RAS. After a valid read or hidden refresh cycle, data is 
held by holding CAS low. Data input and output is 
returned to high impedance by returning CAS high. 
Hidden refreshing allows CAS to be held low to main- 
tain output data while RAS is used to execute RAS-only 
refresh cycles. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address, by means of RAS-only refresh cycles, or by 
normal read or write cycles on the 256 address combi- 
nations of Ag through Az during a 4-ms refresh period. 


Features 


O 65,536-word by 4-bit organization 

Single + 5-volt +10% power supply 

CAS before RAS internal refreshing 

Multiplexed address inputs 

On-chip substrate bias generator 

Low power dissipation 

— 28 mA max (standby) 

— 440 mW (active, tac = tac min) 

Nonlatched, TTL-compatible inputs and outputs 
Low input capacitance 

256 refresh cycles every 4ms 

Standard 18-pin plastic DIP and PLCC packaging 





831H--5117A 


baondad 
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Ordering Information 


Part Number Row Access Time (max) Package 
uPD41464C-80 80 ns 18-pin plastic DIP 
C-10 100 ns 
C-12 120 ns 
UPD41464L-80 80 ns 18-pin PLCC 
L-10 100 ns 
L-12 120 ns 
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Pin Identification Absolute Maximum Ratings 
Name Function Voltage on any pin relative to GND -1.0 to +7.0 V 
Ag- A7 Address inputs Operating temperature, Topp Oto +70°C 
VO, -VO4 Data inputs and outputs Storage temperature, Tstg ~55 to +125°C 
CAS Column address strobe Short-circuit output current, los Pa 50 mA 
OE Output enable Power dissipation, Pp 1.0 W 
RAS Row address strobe Exposure to Absolute Maximum Ratings for extended periods may 
WE Write enable affect device reliability; exceeding the ratings could cause permanent 
GND Ground damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 
Voc +5-volt power supply 
NC No connection Recommended Operating Conditions 
Parameter _ Symbol Min Typ Max Unit 

alieas la dg Input voltage, high Vin 2.4 Voo+1 V 
Parameter Symbol Max Unit Pins Under Test IPE Oe oii I a 2 VE chee ech Vit = Oe 2 
Input capacitance Ci 5 pF Apo through Az Supphy voltage)... Neo... AO OO SPY voltege Veo 280 0 ne x 

Co 8 pF RAS, CAS, WE OE Ambient aeripernue Ta 0 | 70 °C 
Input/output capacitance Co 7 ~=pF W/O4 through 1/04 
Block Diagram 


RAS Clock CAS Clock 
Generator Generator — 
WE Clock 
Generator 
CAS Before RAS ia 


OE Clock 
Generator 


Data-in 
Buffer 


Data I/O Bus 
> Column Decoder 
Sense Amplifier 


Memory Array 


Multiplexer 
Address Buffer 
Row Decoder 


831H-6300B 
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DC Characteristics 
Ta = Oto + 70°C; Vog = +5.0 V £10% 


Parameter Symbol 
Standby current loce 
Input leakage current I 
Output leakage current low 
Output voltage, low VoL 
Output voltage, high ~ Vou 


AC Characteristics 
Ta = Oto +70°C; Veg = +5.0 V +10% 


Parameter 


Operating current, average 


Operating current, refresh cycle, 
average 


Operating current, page cycle, average 


Operating current, CAS before RAS 
refresh cycle, average 


Random read or write cycle time 
Read-write cycle time 

Page cycle time 

Refresh period 

Access time from RAS 

Access time from CAS 

Ouput buffer turnoff delay 

Rise and fall transition time 
RAS precharge time 

RAS pulse width 

RAS hold time 

CAS pulse width 

CAS hold time 

RAS to GAS delay time 

CAS to RAS precharge time 
CAS precharge time for nonpage cycle 
CAS precharge time for page cycle 
RAS precharge CAS hold time 
Row address setup time 

Row address hold time 

Column address setup time 
Column address hold time 


Column address hold time referenced to 
RAS 


Symbol! 


lect 
loos 
loca 
lees 


tre 
trweo 
tec 
tREF 
trac 


- toac 


torr 


tap 

tras 
tasH 
tcas 
tosH 
trop 
torp 
topn 
top 

tapc 
tasr 
tRAH 
tasc 
tcAH 
tar 


pPD41464-80 
Max 


Min 


160 
230 
70 


70 
80 
40 
40 
80 
20 
10 
25 
30 


10 


15 
55 


Max 
5.0 
10 
10 
0.4 


Voc 


10000 


10000 


85 


70 


60 


70 


80 
40 
20 


40 


Unit 
mA 
HA 
LA 


pPD41464-10 


Min 


200 
270 
100 


90 
100 
50 
50 
100 


10 


25 


40 


10 


15 


uPD41464~12 
Max Min Max 

80 75 
65 60 
55 50 
70 65 

220 

300 

120 - 

4 4 
100 120 
50 60 
25 30 
50 50 
90 
10000 120 10000 
60 
10000 60 10000 
120 
50 25 60 
10 
25 
50 
15 
0 
20 
80 


Test Conditions 


RAS = CAS = Vin 


uPD41464 


Vin = OV to Voc; all other pins not under test = 0V 
I/O is high-Z; Vyo = OV to Veg 
lo. = 4.2 mA 


lon = -5 mA 


Unit 
mA 


mA 


mA 


mA 


ns 
ns 
ns 
ms 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


' (Note 6) 


Test Conditions 


RAS, CAS cycling; 

trac = taco min (Note 5) 
RAS cycling; CAS = Viv; 
tro = tao min (Note 5) 
RAS = Vi; CAS cycling; 
tpc = tpc min (Note 5) 


RAS cycling; CAS = Vin: 
tac = tac min (Note 5) 


(Note 6) 
(Note 6) 





(Notes 7, 8) 
(Notes 7, 9) 
(Note 10) 

(Notes 2, 3) 


(Note 11) 
(Note 12) 
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AC Characteristics (cont) 


pPD41464-80 »PD41464-10 p»PD41464-12 





Parameter Symbol Min Max Min Max Min = Max Unit Test Conditions 
Read command hold time referenced toRAS ~— tans 10 10 10 ns = (Note 13) © 
Read command hold time referenced to CAS ~— tacyy 0 0 0 ns (Note 13) 
Write command hold time twou 20 25 30 ns 

Write command hold time referenced to RAS  twcor 60 75 90 ns 

Write command pulse width twp 20 15 20 ns 

Write command to RAS lead time tAWL 30 35 40 ns 

Write command to CAS lead time tow. 30 35 40 ns 

Data-in setup time tos 0 0 0 ns (Note 14) 
Data-in hold time _ tou 20 25 30 ns (Note 14) 
Data-in hold time referenced to RAS tour 60 75 90 ns 

Write command setup time twos 0 0 0 ns (Note 15) 
RAS to WE delay tawp 105 130 155 ns (Note 15) 
CAS to WE delay tcwo 65 80 95 = —sns_(Note 15) 
Access time from OE toca 25 30 ns 
Data delay time toeD 20 25 30 ns 

OE command hold time toEH 0 ns 

Output turnoff delay from OE toez 0 25 30 ns 

OE to RAS inactive setup time toes 10 10 10 ns 

Read or write cycle time for counter test cycle = trac 185 220 245 ns (Note 16) 
Read or write cycle time for counter test cycle trawo =. 245 290 $25 ns___ (Note 16) 
CAS setup time for CAS before RAS refresh tosr 10 10 10 ns 

cycle 

CAS hold time forCAS before RAS refresh tour 15 20 25 ns 


cycle 





NEC 


Notes: 


(1) 


(2) 
(3) 


(4) 
(6) 


(6) 


(7) 
(8) 


(9) 


An initial pause of 100 us (RAS inactive) is required after 
power-up, followed by any eight RAS cycles, before proper device 
operation is achieved. 


AC measurements assume ty = 5ns. 


Vins (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. 


All voltages are referenced to GND. 


loci locas: Ioc4, and loos depend on output loading and cycle 
tates. Specified values are obtained with the output open. For lot 
code K of the 1PD41464-15, tac (min) must be 270 ns and Iocg 
= 60 mA. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto +70°C) is assured. For lot code K of the 1PD41464-15, 
tac (min) must be 270 ns. 


Load = 2 TTL loads and 100 pF 


Assumes that tacp < tacp (max). If tacp is greater than the 
maximum recommended value in this table, trac increases by 
the amount that tacp exceeds the value shown. For a CAS before 
RAS refresh counter test cycle, trac is specified as taac = tour 
+ top + tcac + 2ty and is greater than the maximum specified 
value shown in this table. 


Assumes that tacp 2 tacp (max). 


yPD41464 


(10) torr (max) and togz (max) define the time at which the output 
achieves the open-circuit condition and are not referenced to 
Von OF VoL. 

(11) Operation within the tacp (max) limit assures that taac (max) 
can be met. tacp (max) is specified as a reference point only; if 
trcp is greater than tacop (max), access time is controlled 
exclusively by tcac. 


(12) The tcrp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


. (13) Either tany or tacy must be satisfied for a read cycle. 


(14) These parameters are referenced.to the leading edge of CAS for 
early write cycles and to the leading edge of WE for delayed write 
or read-modify-write cycles. 


(15) twos, tcwp; and tawp are restrictive operating parameters in 
read-write/read-modify-write cycles only. If twos 2 twos (min), 
the cycle is an early write cycle and the data I/O pins will remain 
high impedance throughout the entire cycle. If tcwp = tcwo 
(min), tawp 2 trwop (min), the cycle is a read-write cycle and the 
data I/O pins will contain data read from the selected cell. If 
neither of the above conditions is met, the condition of the data 
VO pins (at access time and until CAS returns to Vj) is 
indeterminate. 


(16) trac and trrawc are applicable for CAS before RAS refresh 
counter test cycles. 
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Timing Waveforms 
Read Cycle 
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Timing Waveforms (cont) 
Early Write Cycle 
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Timing Waveforms (cont) 
OE -Controlled Write Cycle 
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Timing Waveforms (cont) 
Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Page Read Cycle 
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Timing Waveforms (cont) 
Page Write Cycle (Early Write) 
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Timing Waveforms (cont) 
Page Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 
RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 





CAS Before RAS Refresh Cycle 


Address : Don't Care 


Don't Care 
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Timing Waveforms (cont) 
Hidden Refresh Cycle 


Memory Cycle 
tre 
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Hidden Refresh Cycle Hidden Refresh Cycle 
tRc 
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CAS Before RAS Refresh Counter Test 


The »PD41464 provides a method to verify proper oper- 
ation of the internal address counter used in CAS before 
RAS refreshing. After a CAS before RAS refresh cycle is 
initiated, CAS satisfies a hold time (tour), a precharge 
time (tcp), and then returns low while RAS is held low to 
enable read, write, or read-modify-write operation. As 
shown in the appropriate timing waveforms, a refresh 
counter test can be initiated at this point on specified 
row and column addresses. The row is selected by the 
internal address counter, and the column is defined by 
an external address supplied at the second falling edge 
of CAS. Test patterns can be generated in several ways; 
the following example is one possibility. Any pattern 
must be preceded by the normal power-up procedure 
containing a pause of 100 ns and then eight RAS cycles 
to initialize the internal counter. 
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(1) Write “0” into 256 memory cells with 256 CAS before 
RAS refresh counter test write cycles. Use the same 
column address in each cycle. 


(2) Use a counter test read-modify-write cycle to read 
the “O” written in the first cycle of step 1 and then 
write a “1” into that location in the same cycle. 
Perform this operation 256 times, until a “1” is 
written into each of the 256 memory cells. Continue 
using the same column address as specified in step 
1. 


(8) Read each “1” written in step 2 using a counter test 
read cycle. 


(4) Complement the test pattern and repeat steps 1, 2, 
and 3. 


N: E C pPD41464 


Timing Waveforms (cont) 
CAS Before RAS Retresh Counter Test Read Cycle 


TASC 'CAH | 


High Impedance 





6-35 





pPD41464 NV. KE C | 


Timing Waveforms (cont) 


CAS Before RAS Refresh Counter Test Write Cycle 
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Timing Waveforms (cont) 





CAS Before RAS Refresh Counter Test Read-Modify-Write Cycle 
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NEC pPD421000 
1,048,576 x 1-bit 


NEC Electronics Inc. Dynamic CMOS RAM 


Description Pin Configurations 


The »PD421000 is a fast-page dynamic RAM organized 4g-Pin Plastic DIP 
as 1,048,576 words by 1 bit and designed to operate from 
a single +5-volt power supply. Advanced polycide tech- 
nology using trench capacitors minimizes silicon area 
and provides high storage cell capacity, high perfor- 
mance, and high reliability. A single-transistor dynamic 
storage cell and advanced CMOS circuitry throughout 
ensure minimum power dissipation, while an on-chip 
circuit internally generates the negative-voltage sub- 
strate bias—automatically and transparently. 


PD421000 


The three-state output is controlled by CAS independent BIH 564A 
of RAS. After a valid read or read-modify-write cycle, data . 
is held on the output by holding CAS low. The data 
output is returned to high impedance by returning CAS 
high. Fast-page read and write cycles can be executed 
by cycling CAS. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing can also be accomplished by means 
of RAS-only refresh cycles or by normal read or write 
cycles on the 512 address combinations of Ag through Ag 
during an 8-ms refresh period. 


PD421000 


Features 


1,048,576-word by 1-bit organization 
Single +5-volt +10% power supply 
Fast-page option 

CAS before RAS refresh cycles 20-Pin Plastic ZIP 
Multiplexed address inputs 

On-chip substrate bias generator 

Nonlatched, three-state outputs 

Low input capacitance 

TTL-compatible inputs and outputs 

512 refresh cycles every 8 ms 

High-density 18-pin plastic DIP, 26/20-pin SOu, 
or 20-pin plastic ZIP packaging 





oagoonoagaanonaanon aa 
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Pin Identification 


Name 
Ag - Ag 
CAS 
Din 


Function 
Address inputs 
Column address strobe 


Data input 


Data output 


Dout 
RAS 


WE 
GND 


Voc 


Row address strobe 


Write enable 


Ground 


+5-volt power supply 


NC 


Capacitance 


No connection 


Ta = 25°C; f = 1 MHz 


Parameter Symbol Max Unit Pins Under Test 
Input capacitance Cr 5 pF = Address, Din 

Cro 7 pF RAS, CAS, WE 
Output capacitance Co 7 pF Dout 


Block Diagram 


6-40 


CAS Clock 
Generator 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 Vv 
Input voltage, low Vit -1 0.8 Vv 
Supply voltage Voc 45 5.0 5.5 Vv 
Ambient temperature Ta, 0 70 . °C 


Absolute Maximum Ratings 





Voltage on any pin relative to GND -1.0 to +7.0 V 
Operating temperature, Topr Oto +70°C 
Storage temperature, Tstg -55 to + 125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under.DC and AC Characteristics. 


WE Clock 
Generator 


Data-in 
Buffer d 


= Data VO Bus 
‘Column Decoder Data-out 
Buffer 
Sense Amplifier 


Address Butfer 


Row Decoder 


Memory Array 
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Ordering Information 








RAS Access R/W Cycle _— Fast-Page Cycle Refresh Standby 
Part Number Time (max) Time (max) (max) Period Current (min) Package 
pPD421000C-60 60 ns 120 ns 40 ns 8 ms 1 mA 20-pin plastic DIP 
C-70 70 ns 130 ns 45 ns 
C-80 80 ns 160 ns 50 ns 
C-10 100 ns 190 ns 60 ns 
pPD421000C-60L 60 ns 120 ns 40 ns 64 ms 200 pA 
C-70L 70 ns 130 ns 45 ns 
C-80L 80 ns 160 ns 50 ns 
C-10L 100 ns 190 ns 60 ns 
#.PD421000LA-60 60 ns 120 ns 40 ns 8 ms 1mA 26/20-pin plastic SOJ 
LA-70 70 ns 130 ns 45 ns 
LA-80 80 ns 160 ns 50 ns 
LA-10 — 100 ns 190 ns 60 ns 
uPD421000LA-60L 60 ns 120 ns 40 ns 64 ms 200 pA 
LA-7OL . 70 ns 130 ns 45 ns 
LA-80L 80 ns 160 ns 50 ns 
LA-10L 100 ns 190 ns 60 ns 
pPD421000V-60 60 ns 120 ns 40 ns 8 ms 1mA 20-pin plastic ZIP 
V-70 70 ns 130 ns 45 ns 
V-80 80 ns 160 ns ' 50ns 
V-10 100 ns 190 ns 60 ns 
psPD421000V-60L 60 ns 120 ns 40 ns 64 ms 200 pA 
V-70L 70 ns 130 ns 45 ns 
V-80L 80 ns 160 ns 50 ns 
V-i0L 100 ns 190 ns 60 ns 
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DC Characteristics 
Ta = Oto +70°C; Vog = +5.0 V 10% 











Parameter Symbol Min Max Unit Test Conditions 
Standby current loc2 2.0 mA RAS = CAS = Vin 
1.0 mA - RAS = CAS = Voc - 0.2 V 

Input leakage current ha) -10 10 pA Vin = 0 to 5.5 V; 

all other pins not under test = 0 V 
Output leakage current low -10 10 BA Dour disabled; Voy7 = 0 to 5.5 V 
Output voltage, low VoL 0 0.4 Vv lo. = 4.2 mA 
Quiput voltage, high Vou 2.4 Voc Vv lon = -5 MA 


AC Characteristics 
Ta = Oto +70°C; Voc = +5.0 V +10% 


~60 -70 ~-80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Operating current, loci 90 80 70 60 mA _ RAS, CAS cycling; 
average tac = tac min (Note 5) 
Operating current, loos 90 80 70 60 mA RAS cycling; CAS = Vix: 
RAS-only refresh cycle, tac = tac min (Note 5) 
average 
Operating current, loca 80 70 60 50 mA RAS = V,; CAS cycling; 
fast-page cycle, average tpc = tpc min (Note 5) 
Operating current, locs 90 80 70 60 mA _ RAS cycling; CAS before 
CAS before RAS refresh RAS; tac = tac min 
cycle, average (Note 5) 
Access time from taa 30 35 45 50 ns _—_ (Notes 7, 10, 13) 
column address 
Access time from CAS tacp 35 40 45 55 ns _—_ (Notes 7, 13) 
precharge (rising edge) 
Column address hold tar N/A N/A 60 70 ns _—__ (Note 19) 
time referenced to RAS 
Column address tasc 0 0 0 20 0 20 ns __ (Note 13) 
setup time 
Row address setup time tasR 0 0 0 0 ns 
Column address to WE tawp 30 35 45 50 ns _ (Note 18) 
delay time 
Access time from CAS tcac 20 20 20 25 ns (Notes 7, 9, 10, 13) 
(falling edge) 
Column address tCaAH 15 17 20 20 ns 
hold time 
CAS pulse width tcas 20 10000 20 £10,000 20 £10,000 25 #£10,000 ns 
CAS hold time for CAS tour 15 15 1 20 ns 
before RAS refresh cycle 
CAS precharge time, tcp 10 10 10 20 10 25 ns (Note 13) 
fast-page cycle 
CAS precharge time, tcopn 10 10 10 10 ns 
nonpage cycle 
CAS to RAS torp 10 10 10 10 ns (Note 14) 


precharge time 


NEC 


AC Characteristics (cont) 


pPD421000 











-60 -70 ~-80 ~10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
CAS hold time tosy 60 70 80 100 ns 
CAS setup time for CAS — tcgp 10 10 10 10 ns 
before RAS refresh cycle 
CAS to WE delay tcwo 20 20 20 25 ns _ (Note 18) 
Write command to tow. 15 15 15 20 ns 
CAS lead time 
Data-in hold time tox 15 15 20 20 ns (Note 17) 
Data-in hold time toHR N/A N/A 60 70 ns _—__ (Note 19) 
referenced to RAS 
Data-in setup time tos 0 ns _—__ (Note 17) 
Output buffer torr 0 15 15 20 25 ns _—_ (Note 11) 
turnoff delay 
Fast-page cycle time tpc 40 45 50 60 ns (Note 6) 
Access time from RAS trac 60 70 80 100 ns (Notes 7, 8) 
RAS to column address trap 15 30 15 35 17 35 17 50 ns —_ (Note 10) 
delay time 
Row address hold time tRAH 10 10 12 12 ns 
Column address lead tRAL 30 35 45 50 ns 
time referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10,000 70 £10,000 80 # £10,000 100 10,000 ons 
RAS pulse width, trasp 60 10,000 70 100,000 80 100,000 100 100,000 ns 
fast-page cycle 
Random read or write trac 120 130 160 190 ns (Note 6) 
cycle time 
RAS to CAS delay time tacp 20 40 20 50 25 60 25 75 ns (Note 12) 
Read command hold tacH 0 0 0 0 ns (Note 15) 
time referenced to CAS 
Read command tacs 0 0 0 0 ns 
setup time / 
Refresh period tREF 8 8 8 8 ms Addresses Ao - Ag 
RAS precharge time trp 50 50 70 80 ns 
RAS precharge CAS tapc 10 10 0 0 ns 
hold time 
Read command hold tray 10 10 10 10 ns (Note 15) 
time referenced to RAS 
RAS hold time trasH 20 20 20 25 ns 
Read-write cycle time trwc 145 155 190 225 ns __ (Note 6) 
RAS to WE delay trwo 60 70 80 100 ns _—_ (Note 18) 
Write command to tawe 20 20 25 30 ns 
RAS lead time 
Rise and fall tr 3 50 3 50 3 50 3 50 ns (Note 4) 
transition time 
Write command twou 15 15 15 20 ns 


hold time 
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AC Characteristics (cont) 














-60 ~70 ~80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Write command hold twor N/A N/A 55 70 ns _—__ (Note 19) 
time referenced to RAS 
Write command twos 0 0 0 0 ns _—_ (Note 18) 
setup time 
Write command twp 15 15 15 20 ns _—_ (Note 16) 
pulse width 
Notes: 
(1) All voltages are referenced to GND. (13) For fast-page read operation, the definition of access time is as 
follows: 


(2) An initial pause of 100 us is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 


: CAS and Column Address 
achieved. 


Input Conditions Access Time Definition 
3) AC measurements assume ty = 5ns. Woe aan joonca pas ge 
®) ; r ; tcp = tcp (max), tasc = tcp tacp 
(4) Vin (min) and Vi (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between tcp S tcp (max), tasc = tcp taa 
Vin and Vic. tcp = tcp (max), tasc = tasc (max) tAA 
(8) Ioct loos: loca, and I¢cs depend on output loading and cycle tcp = tcp (max), tasc 2 top tcac 





tates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at (14) The tore requirement should be applicable for RAS/CAS cycles 


either a high level or a low level during RAS-only refresh cycles. preceded by any cycle. 
Ioc4 is measured assuming that all column address inputs are : 3 
switched only once during each fast-page cycle. (15) Either tari; or troy must be satisfied for a read cycle. 
(6) The minimum specifications are used only to indicate the cycle (16) Parameter twp is applicable for a delayed write cycle such as a 
time at which proper operation over the full temperature range read-write/read-modify-write cycle. For early write operation, 
(Ta = Oto +70°C) is assured. both twos and tywoH must be met. . 
Load = 2TTL(-1mA, +4 mA) loads and 1 F = 20V, (17) These parameters are referenced to the falling edge of CAS for 
”) Vo. = 0.8V). my - 00 PF (Vor early write cycles and to the falling edge of WE for delayed write 


(8) A h (max) and (riiebdcil or read-modify-write cycles. 
38 ssumes that tracp s taco max) an trap s trap max), - 
tacp OF trap is greater than the maximum recommended value (18) twos; tawp, tcwo: and tawp are restrictive operating parame- 


in this table, trac increases by the amount that tacp or trap 1S 11 soaestllal doe iia willie penis “twos = oe 
exceeds the value shown. (min), the cycle is an early write cyc' @ an the data output wi 
remain open-circuit throughout the entire cycle. If tcwp = tcwo 
(9) Assumes that tacp 2 tacp (max) and trap < trap (max). (min), tawp = tawp (min), and tawp = tawp (min), the cycle is 
(10) If tpap 2 taap (max), then the access time is defined by tya. a read-write cycle and the data output will contain data read from 
the selected cell. If neither of the above conditions is met, the 
condition of the data output pin (at access time and until CAS 
returns to Viz) is indeterminate. 


This parameter is not needed for the »PD421000-60 and 
#PD421000-70. 


(11) tore (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or Vot. 


(12) Operation within the tacop (max) limit assures that taac (max) (19) 
can be met. tacp (max).is specified as a reference point only; if 
tacp is greater than tacp (max), then access time is controlled 
exclusively by tcc. 
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Low Power Battery Backup (-L Versions Only) 


The »PD421000-L is capable of low power battery 
backup during times of reduced system power, when the 
input buffers and all nonessential internal circuits are 
turned off. For the input buffers to be turned off and the 
amount of leakage current flowing through them re- 
duced, the »PD421000-L must be in standby and all 
control lines within 0.2 V of either Voc or GND, as 
appropriate. When RAS and CAS are both within 0.2 V of 
Voc, the internal circuits are inactive and power require- 
ments reduced even further. Standby current can drop as 
low as 200 pA. 


Battery Backup Current 


Symbol Max Unit CAS Before RAS Refresh Cycle 
Ioce 200 BA tras = 300 ns 
loce 300 pA tras = 300 ns and s 1 4s 


pPD421000 


CAS before RAS refresh cycles are executed at a mini- 
mum rate to ensure that all 512 rows are refreshed only 
once every 64 ms. The time that RAS is low (tras) and the 
u#PD421000-L active needs to be as short as possible, 
typically less than 300 ns, to minimize power usage 
during refresh operation. The following table shows the 
conditions under which the lowest average standby 
current can be obtained. 


Standby Conditions 


RAS = CAS = Voc -0.2V; OE = Voc -0.2V; 
WE = Addresses = Voc- 0.2 Vor < 0.2 V; VO 
= Voc - 0.2 V or = 0.2 V or high-Z 
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Timing Waveforms 


Read Cycle 


Valid Data 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 





NEC 


Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


High Impedance 


DOUT 


Note: 
1] WE and Address = don't care. 





pPD421000 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


tRA 


High Impedan ce 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


tcpn-—— 


tOFF 


High Impedance 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 





NEC pyPD421001 
1,048,576 x 1-Bit 


NEC Electronics Inc. Dynamic CMOS RAM 


Description Pin Configurations 


The pPD421001 is a 1,048,576-word by 1-bit dynamic 49g-pin Plastic DIP 
RAM designed with a nibble mode and to operate from 
a single +5-volt power supply. Advanced polycide tech- 
nology using trench capacitors minimizes silicon area 
and provides high storage cell capacity, high perfor- 
mance, and high reliability. A single-transistor dynamic 
storage cell and advanced CMOS circuitry throughout 
ensure minimum power dissipation, while an on-chip 
circuit generates the negative-voltage substrate bias— 
automatically and transparently. 


- 
° 
° 
x 
Nn 
t 
(=) 
oa 
= 


The three-state output is controlled by CAS indepen- BalH-62028 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. The device is capable of executing nibble 
read and write cycles by cycling CAS. 





Refreshing may be accomplished by means of CAS 
before RAS cycles that internally generate the refresh 
address. Refreshing can also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 512 address combinations of Ap 
through Ag during an 8-ms period. 


uPD421001 


Features 


1,048,576-word by 1-bit organization 

Single +5-volt +10% power supply 

Nibble option 

Low power dissipation 

— 90 mA max (active) for 60 ns version 

— 1 mA max (standby) 

CAS before RAS refresh cycles 

Multiplexed address inputs 

On-chip substrate bias generator 

Nonlatched, three-state outputs 

Low input capacitance 

TTL-compatible inputs and outputs 

512 refresh cycles every 8 ms 

High-density 18-pin plastic DIP, 26/20-pin plastic i 
SOJ, or 20-pin plastic ZIP packaging wie 





ooaa 


npboaeaanwaaano 





60106 TSOP package will be available in 1991. 6-55 
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Block Diagram 





CAS Clock 
Generator or 
WE Clock 
Generator 
CAS Before RAS 


Internal Refresh 


Clock 
Data-in 
Buffer 
Refresh Address Data /O Bus 
Counter 
Column Decoder 
Sense Amplifier 


Data-out 
Buffer 


ba 

23 
Pc 
ee 
4 
eo” 
Be 
5a 
+ 


Memory Array 


Multiplexer 
Address Buffer 


Row Decoder 
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Ordering Information 











RAS Access R/W Cycle Nibble Cycle 
Part Number Time (max) Time (max) (max) Package 
uUPD421001C-60 60 ns 120 ns 40 ns 18-pin plastic DIP 
C-70 70 ns 130 ns 40 ns 
C-80 80 ns 160 ns 40 ns 
C-10 100 ns 190 ns 45 ns 
UPD421001LA-60 60 ns 120 ns 40 ns 26/20-pin plastic SOJ 
LA-70 70 ns 130 ns 40 ns 
LA-80 80 ns 160 ns 40 ns 
LA-10 100 ns 190 ns 45 ns 
UPD421001V-60 60 ns 120 ns 40 ns 20-pin plastic ZIP 
V-70 70 ns 130 ns 40 ns 
V-80 80 ns 160 ns 40 ns 
V-10 100 ns 190 ns 45 ns 
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Pin Identification 


Name Function 

Ag - Ag Address inputs 

Din Data input 

Dout Data output 

RAS Row address strobe 
CAS Column address strobe 
WE Write enable 

GND Ground 

Voc +5-volt power supply 
NC No connection 


Absolute Maximum Ratings 
Voltage on any pin relative to GND, Vy 
Operating temperature, Topp 

Storage temperature, TsT¢ 
Short-circuit output current, log 


Power dissipation, Pp 


-1.0 to +7.0V 
0 to +70°C 
-55 to +125°C 
50 mA 

1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 


under DC and AC Characteristics. 


DC Characteristics 
Ta = Oto +70°C; Voog = +5.0V £10% 


Parameter Symbol 
Standby current loca 
Input leakage current Tih) 
Output leakage current low) 
Output voltage, low VoL 
Output voltage, high VoH 


Min Typ 


-10 


2.4 


Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol 
Input capacitance Cr 

Ciz 


Output capacitance Cp 


pPD421001 


Max Unit Pins Under Test 
6 pF Address, Diy 
8 pF _—- RAS, CAS, WE 
7 PF = Dout 


Recommended Operating Conditions 


Parameter Symbol 
Supply voltage Voo 
Input voltage, low Vit 


Input voltage, high Vin 


Ambienttemperature Ta 


Max Unit 
2.0 mA 
1.0 mA 

10 HA 
10 HA 
0.4 V 


Min Typ Max Unit 


45 5.0 5.5 V 
~1.0 0.8 V 
2.4 Veo + 10 V 
) 70 ve 


Test Conditions 
RAS = CAS = Vin 
RAS = CAS = Voc - 0.2 


Vin = Oto5.5V; 
all other pins not under test = OV 


Dour disabled; Vout = 0 to 5.5 V 
lo. = 4.2 mA 
oH =-5 mA 
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AC Characteristics 
Ta = Oto +70°C; Voo = +5.0 V 10% 


NEC 





Parameter 


Operating current, 
average 


Operating current, 
RAS-only refresh 
cycle, average 


Operating current, 
nibble cycle, average 


Operating current, 
CAS before RAS 
refresh cycle, average 


Access time from 
column address 


Column address hold 
time referenced to 
RAS 


Column address 
setup time 


Row address setup 
time 


Column address to 
WE delay time 


Access time from CAS 
(falling edge) 


Column address 
hold time 


CAS pulse width 


CAS hold time for 
CAS before RAS 
‘refresh cycle 


CAS precharge time 


CAS to RAS 
precharge time 


CAS hold time 


CAS setup time for 
CAS before RAS 
refresh cycle 


CAS to WE delay 


Write command to 
CAS lead time 


Data-in hold time 


Datea-in hold time 
referenced to RAS 


Data-in setup time 


Nibble access time 


Symbol 


loc 


locs 


leca 


loos 


taA 


tan 


tasc 
tasR 
tawD 
toac 
tcAH 
tcas 
tour 
topn 
tcrp 
tosH 
tcsr 
tcwo 


tow 


tbH 
tDHR 


tps 
tnac 


N/A 


30 


15 


20 


15 


10 


10 


60 


10 


20 


15 


15 
N/A 


~60 


Max 
90 


90 


80 


90 


30 


20 


10,000 


20 


Min 


N/A 


35 


17 


20 


15 


10 


10 


70 


10 


20 


15 


15 
N/A 


-70 


Max 
80 


80 


70 


80 


35 


10,000 


Min 


60 


45 


20 


20 


15 


10 


10 


80 


10 


20 


15 


20 
60 


-80 


Max 
70 


70 


60 


70 


45 


20 


10,000 


20 


Min 


70 


50 


20 


20 


10 


10 


100 


10 


25 


20 


20 
70 


-10 


Max 
60 


60 


50 


60 


50 


25 


10,000 


25 


Unit 
mA 


mA 


mA 


mA 


ns 


ns 


ns 


ns 


ns 


ns 


ns . 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Test Conditions 


RAS, CAS cycling; 


trac = tro min (Note 5) 
RAS cycling; CAS = Vip; 
tac = tao min (Note 5) 
RAS = Vi; CAS cycling; 
tno = tno min (Note 5) 
RAS cycling; CAS before 
RAS; tac = trac min 
(Note 5) 

(Notes 7, 10) 


(Note 18) 


(Note 17) 


(Notes 7, 9, 10) 


(Note 13) 


(Note 17) 


(Note 16) 
(Note 18) 


(Note 16) 
(Note 7) 
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AC Characteristics (cont) 











~60 -70 ~80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
CAS pulse width tNas 20 10,000 20 10,000 20 10,000 25 10,000 ns 
(nibble cycle) 
Nibble cycle time tno 40 40 40 45 ns ___ (Note 6) 
CAS to WE delay tncwp 20 20 20 25 ns (Note 17) 
(nibble cycle) 
Write command to CAS — tuowi 15 15 20 25 ns 
lead time (nibble cycle) 
CAS precharge tne 10 10 10 10 ns 
(nibble cycle) 
RAS hold time tNRRSH 20 20 20 25 ns 
(nibble read cycle) 
RAS hold time tywas 20 20 20 25 ns 
(nibble write cycle) 
Output buffer torr 0 15 0 15 0 20 0 25 ns (Note 11) 
turnoff delay 
Access time from RAS trac 60 70 80 100 ns__ (Notes 7, 8) 
RAS to column address trap 15 30 15 35 17 35 17 50 ns _ (Note 10) 
delay time 
Row address hold time tRAH “10 10 12 12 ns 
Column address lead tRAL 30 35 45 50 ns 


time referenced to RAS 
(rising edge) 


RAS pulse width tras 60 10,000 70 10,000 80 10,000 100 10,000 ns 


RAS pulse width, nibble trRasp 60 100,000 70 100,000 80 100,000 100 100,000 ns 
cycle 


Random read or write tac 120 130 160 190 ns__—_ (Note 6) 
cycle time 

RAS to CAS delay time trop 20 40 20 50 25 60 25 75 ns (Note 12) 
Read command hold tRCH 0 0 i?) 0 ns (Note 14) 
time referenced to CAS 

Read command tros 0 0 0 0 ns 

setup time 

Refresh period tREF 8 8 8 8 ms Addresses Ag - Ag 
RAS precharge time tap 50 50 70 80 ns 

RAS precharge CAS tapc 10 10 0 0 ns 

hold time 

Read command hold tray 10 10 10 10 ns _—_ (Note 14) 
time referenced to RAS 

RAS hold time tasH 20 20 20 25 ns 

Read-write cycle time tawe 145 155 190 225 ns __ (Note 6) 
RAS to WE delay tRwo 60 70. 80 100 ns___ (Note 17) 
Write command to tRWL 20 20 25 30 ns 

RAS lead time 
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AC Characteristics (cont) 

















~-60 -70 ~80 -10 
Parameter Symbol Min Max Min Max Min Max Min . Max Unit Test Conditions 
Rise and fall tr 3 50 3 50 3 50 3 50 ns _—_ (Note 4) 
transition time 
Write command twou 15 15 15 20 ns 
hold time 
Write command hold twor N/A N/A 55 70 ns _——_ (Note 18) 
time referenced to RAS 
Write command twos 0 0 0 e) ns _—_ (Note 17) 
setup time 
Write command twe 15 15 15 20 ns (Note 15) 
pulse width 
Notes: 
(1) All voltages are referenced to GND. (11) torf (max) defines the time at which the output achieves the 


sore ; . open-circuit condition and is not referenced to Voy or Vot. 
(2) An initial pause of 100 us is required after power-up, followed by 


any eight RAS cycles, before proper device operation is (12) Operation within the tacp (max) limit assures that taac (max) 
achieved. can be met. tacp (max) is specified as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 
(8) AC measurements assume ty = 5S ns. exclusively by toac. 
(4) Vin (min) and Vi_ (max) are reference levels for measuring the 

timing of input signals. Transition times are measured between 


Ving and Vj. 


(13) The terp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(14) Either tay or tracy must be satisfied for a read cycle. 

(©) lect: lees: loca, and Iocg depend on output loading and cycle . ; : 
rates. Specified values are obtained with the output open. [ogg _—=«(15)-: Parameter twp is applicable for a delayed write cycle such as a 


is measured assuming that all column address inputs are held at read-write/read-modify-write cycle. For early write operation, 

either a high level or a low level during RAS-only refresh cycles. both twcs and twox must be met. 

loca is measured assuming that all column address inputs are —_ (16) These parameters are referenced to the falling edge of CAS for 

switched only once during each nibble cycle. early write cycles and to the falling edge of WE for delayed write 
(6) The minimum specifications are used only to indicate the cycle or read-modify-write cycles. 

time at which proper operation over the full temperature range (17) twos: tawp: towp, and tawp are restrictive operating parame- 

(Ta = Oto +70°C) is assured. ters in read-write/read-modify-write cycles only. Iftwos = twes 
(7) Load = 2TTL (-1 mA, +4 mA) loads and 100 pF (Voy = 2.0V, (min), the cycle is an early write cycle and the data output will 

VoL = 0.8 V). remain open-circuit throughout the entire cycle. Iftcwop 2 tcwp 


(min), tawp 2 trwp (min), and tawp = tawp (min), the cycle is 
a read-write cycle and the data output will contain data read 
from the selected ceil. If neither of the above conditions is met, 
the condition of the data output pin (at access time and until 
CAS returns to Vip) is indeterminate. 


(9) Assumes that tacp 2 trep (max) and trap = trap (max). (18) This parameter is not needed for the wPD421001-60 and 
(10) IftRap = trap (max), then the access time is defined by taa. HPD421001-70, 


(8) Assumes that tacp = tacp (max) and taap < trap (max). If 
tacp OF trap is greater than the maximum recommended value 
in this table, taac increases by the amount that taop or trap 
exceeds the value shown. 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


High tmpedance 
DOUT a 


Note: 
[1] WE and Address = don't care. 





RAS-Only Refresh Cycle 








High Impedance 
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Timing Waveforms (cont) 


Hidden Retresh Cycle 


Memory Cycle 
tre 
tRAS 
TAR 


Column 
| | 


ia 


High Impedance 


CAS Before RAS Cycle 
tRC 


Valid Data 


pPD421001 


CAS Before RAS Cycle 
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Timing Waveforms (cont) 


Nibble Read Cycle 


Address 


High Impedance 


Valid 
Data Out 


The pPD421001 is capable of executing nibble read, 
write, or read-modify-write cycles. Nibble mode allows 
high-speed serial access of maximum of 4 data bits. The 
first bit is determined by the row and column ad- 
dresses, and the next bits are accessed automatically 


Row Address 


Sequence Nibble Bit Ag Ag A7 Ag As Ag Ag Ao Ay Apo 


RAS/CAS 1 0 0 1 0 00 1 0 1 
CAS cycling 2 1 01 0 00 1 0 1 
CAS cycling 3 0 0 1 00 0 1 0 1 
CAS cycling 4 1 0 1 0 0 060 1 0 4 
CAS cycling 1 o 0 410 0 0 41 0 «1 
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Valid 
Data Out 


0 


o;o!|]o;° 


| 
ig 


tRCH 


Valid 
Data Out 


Column Address 


| 
a5 tres 


tRCH 


Valid 
Data Out 


by cycling CAS while RAS is held low. The addresses of 
nibble bits are determined by the combination of row 
address Ag and column address Ag in the following 
sequence. 


Ag Ag Az Ag As Ag Ag Ad Ay 


0 


{ 


1 


0 


o;o;}ol1o 


1 


0 


o;1}o};}o];°o 


1 


aa oe or 


0 


o;o!o;o 


0 


o10;0; 0 





Ao 
0 


oO;}o};}oO;° 
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Comment 


Example: external 
address input 


Internal address 
generated 


Repeated sequence 
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Timing Waveforms (cont) 


Nibble Early Write Cycle 





tRAH tCAH 
tASR tasc 


wom TD = Km XU LLL. 
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Timing Waveforms (cont) 


Nibble Read-Write/Read-Modity-Write Cycle 


Inc 
tNAS>| |<—tNP- INAS 
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NEC pPD421002 
1,048,576 x 1-Bit 


NEC Electronics Inc. Dynamic CMOS RAM 


Description Pin Configurations 


The »PD421002 is a static-column dynamic RAM orga- _pi : 
nized as 1,048,576 words by 1 bit and designed to ren eee ey 
operate from a single +5-volt power supply. Advanced 
polycide technology using trench capacitors minimizes 
silicon area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor dy- 
namic storage cell and advanced CMOS circuitry ensure 
minimum power dissipation, while an on-chip circuit 
internally generates the negative-voltage substrate 
bias—automatically and transparently. 


PD421002 


The three-state output is controlled by CS independent aoi-eooan 
of RAS. After a valid read or read-modify-write cycle, data 
is held on the output by holding CS low. The data output 
is returned to high impedance by returning CS high. 
Static-column read and write cycles may be executed by 
switching the column address inputs. 


Refreshing may be accomplished by means of a CS 
before RAS cycle that internally generates the refresh 
address. Refreshing can also be accomplished by means 
of RAS-only refresh cycles or by normal read or write 
cycles onthe 512 address combinations of Ap through Ag 
during an 8-ms refresh period. 





uPD421002 


Features 


QO 1,048,576-word by 1-bit organization 

Single +5-volt +10% power supply 
Static-column option 

Low power dissipation 

— 70 mA max (active) for 80 ns version 

— 1 mA max (standby) 

CS before RAS refreshing 

Multiplexed address inputs 

On-chip substrate bias generator 

Nonlatched, three-state outputs 

Low input capacitance 

TTL-compatible inputs and outputs 

512 refresh cycles every 8 ms 

High-density 18-pin plastic DIP, 26/20-pin plastic dex 
SOJ, or 20-pin plastic ZIP packaging G31 576A 


Ooo 





ODooaudago DB 





60107 TSOP package will be available in 1991. 6-69 
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Block Diagram 





CS Circuit 
WE Clock 
Generator 


Data-in 
Buffer 


Data I/O Bus 
Column Decoder Data-out 
Buffer 
Sense Amplifier 


Memory Array 


Address Buffer 
Row Decoder 
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Pin Identification Absolute Maximum Ratings 

Name Function Voltage on any pin relative to GND -1.0 to +7.0V 
Ao - Ag Address inputs Operating temperature, Topa 0 to +70°C 
Din Data input Storage temperature, Tstg -55 to +125°C 
Dour Data output Short-circuit output current, log 50 mA 
RAS Row address strobe Power dissipation, Pp 1.0W 
cs Chip select Exposure to Absolute Maximum Ratings for extended periods may 
WE Write enable affect device reliability; exceeding the ratings could cause permanent 
SSS damage. The device should be operated within the limits specified 
GND Ground under DC and AC Characteristics. 

Voc +5-volt power supply 

NC No connection 
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Ordering Information 


RAS Access. RW Cycle Static-Column 
Part Number Time (max) Time (max) Access (max) Package 
uUPD421002C-60 ; 60 ns —— 120 ns 35 ns 20-pin plastic DIP 
C-70 70 ns 130 ns 40 ns 
C-80 80 ns 160 ns 50 ns 
C-10 100 ns 190 ns 60 ns 
uPD421002LA-60 60 ns 120 ns 35 ns 26/20-pin plastic SOJ 
LA-70 70 ns 130 ns 40 ns 
LA-80 80 ns 160 ns 50 ns 
LA-10 100 ns 190 ns 60 ns 
uPD421002V-60 60 ns 120 ns 35 ns 20-pin plastic ZIP 
V-70 70 ns 130 ns 40 ns 
V-80 80 ns 160 ns 50 ns 
V-10 100 ns 190 ns 60 ns 





DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0 V £10% 








Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 3.0 mA RAS = CS = Viy 
1.0 mA RAS = CS = Vog- 0.2 

Input leakage current hay -10 10 uA Vin = OV to Voc; all other pins not under test = 0-V 
Output leakage current loi) -10 10 uA Dout disabled; VoyT = 0 V to Voc 
Output voltage, low VoL 0.4 Vv lo. = 4.2 mA 
Output voltage, high Vou 2.4 Vv lon = -5 mA 
Capacitance Recommended Operating Conditions 
Ta = 25°C: f= 1 MHz Paremeter____—‘Symbol_‘Min ‘Typ Max Uni 
Parameter Symbol Max Unit Pins Under Test Input voltage, high Vy 24 +~SCOog + 1.0~—CO~S 
Input capacitance Cr 6 pF Address, Din Dumiagiw “ve aoe 

Cr 8 pF RAS, CS, WE Supply voltage Voc 45 #60 55 £4V- 
Output capacitance Co 7 pF DoutT Ambienttemperature T 0 70 
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AC Characteristics 
Ta = 0 to +70°C; Vog = +5.0 V 10% 


-60 ~-70 : ~80 -10 











Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Operating current, average loc4 90 80 70 60 mA RAS, CS cycling; 
tao = trac min (Note 5) 
Operating current, loc3 90 80 70 60 mA RAS cycling; CS = Vip; 
RAS- only refresh cycle, trac = tac min (Note 5) 
average 
Static column operating loca 80 70 60 50 mA RAS = Vy; CS= Vi; 
current, average ; addresses cycling; tasc 
= trsc min or twsc = 
twsc min (Note 5) 
Operating current, loos 90 80 70 60 mA RAS cycling; CS before 
CS before RAS refresh cycle, RAS; trac = tro min 
average (Note 5) 
Access time from tana 30 35 45 50 ns (Notes 7, 10) 
column address 
RAS to column address hold = tay 15 15 15 15 ns 
time 
Column address hold time taR N/A N/A 80 100 ns (Note 18) 
referenced to RAS 
Column address tasc ce) (e) 0 fe) ns 
setup time 
Row address setup time tasr ce) ce) 0 0 ns 
Column address to WE delay tawp 30 35 45 50 ns___ (Note 17) 
time 
Column address hold time tawR N/A N/A 60 60 ns 
rererenced to RAS (write 
cycle) 
Access time from CS (falling — tgac 20 20 20 25 ns (Notes 7, 9, 10) 
edge) 
Column address toan 15 17 20 20 ns 
hold time 
CS hold time for CS before — toyr 15 15 15 20 ns 
RAS refresh cycle 
CS precharge time top 10 10 10 10 ns 
CS to RAS precharge time torp 10 10 10 10 ns (Note 13) 
CS pulse width tos 20 100,000 20 100,000 20 100,000 25 £100,000 ns 
CS hold time tosu 60 70 80 100 ns 
CS setup time for CS before tgp 10 10 10 10 ns 
RAS refresh cycle 
CS to WE delay towp 20 20 20 25 ns (Note 17) 
Write command to towL 15 15 15 20 ns 
CS lead time 
Data-in hold time too 15 15 20 20 ns (Note 16) 
Data-in hold time referenced = tpyr N/A N/A 60 70 ns (Note 18) 
to RAS 
Data-in setup time tps fe) 0 0 0 ns (Note 16) 


NEC 


AC Characteristics (cont) 


Parameter 
Output buffer turnoff delay 


Output hold time from 
address 


Output hold time from WE 


Access time from previous 
WE (falling edge) 


Column address hold time 
from previous WE (falling 
edge) 


Access time from RAS 


RAS to column address 
delay time 


Row address hold time 


Column address lead time 
referenced to RAS (rising 
edge) 


RAS pulse width 


Static-column RAS pulse 
width 


Random read or write cycle 
time 
RAS to CS delay time 


Read command hold time 
referenced to CS 


Read command setup time 
Refresh period 

RAS precharge time 

RAS precharge CS hold time 


Read command hold time 
referenced to RAS 


Static-column read cycle 
time 


RAS hold time 

RAS to second WE delay 
Read-write cycle time 
RAS to WE delay 


Symbol 
torr 
tou 


trac 
tRaD 


tRAH 
tRAL 


tras. 
tRasc 


tac 


taco 
tRCH 


trcs 
tREF 
tap 

tapc 
tRRH 


tasc 


tRSH 
tasw 
tawc 
trawp 


Min 


10 


60 


15 


10 


30 


60 


60 


120 


20 


50 
10 
10 


35 


20 
75 
145 
60 


-60 


Max 
15 


60 


60 
30 


10,000 
100,000 


40 


10 


70 


15 


10 
35 


130 


20 


50 
10 
10 


40 


20 
85 
155 
70 


-70 


Max 
15 


70 


70 


10,000 
100,000 


Min 


10 


17 


12 


45 


80 


80 


160 


25 


70 


10 


50 


20 
95 
190 
80 


-80 
Max 
20 


90 


80 
35 


10,000 
100,000 


60 


Min 


10 


110 


17 


12 


50 


100 


100 


190 


25 


80 


10 


60 


25 
115 
225 
100 


-10 


Max 
25 


110 


100 
50 


10,000 
100,000 


75 


Unit 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
ms 
ns 
ns 


ns 


ns 


ns 
ns 
ns 


ns 


pPD421002 


Test Conditions 
(Note 11) 


(Notes 7, 18) 


(Notes 7, 8) 
(Note 10) 


(Note 6) 





(Note 12) 
(Note 14) 


Addresses Ag - Ag 


(Note 14) 


(Note 6) 


(Note 6) 
(Note 17) 
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AC Characteristics (cont) 











~60 -70 -80 -10 
Parameter Symbol Min) Max Min Max Min Max Min Max _ Unit Test Conditions 
Write command to RAS lead tawy 20 20 25 30 ns 
time 
Static-column read-write tawsc 65 75 95 115 ns (Note 6) 
cycle time 
Rise and fall transition time — ty 3 50 3 50 3 50 3 50 ns (Note 4) 


Previous WE (falling edge) twap 20 30 22 35 20 45 25 55 ns___ (Note 18) 
to column address delay 








time 
Write command hold time twou 15 15 15 20 ns 
Write command hold time twor N/A N/A 55 70 ns (Note 18) 
referenced to RAS 
Write command setup time twos 0 0 0 0 ns (Note 17) 
Write invalid time twi 10 10 10 10 ns 
Write command pulse width = twp 15 15 15 20 ns (Note 15) 
Static-column write cycle twsc 35 40 50 60 ns (Note 6) 
time 

Notes: 

(1) All voltages are referenced to GND. (12) Operation within the tacp (max) limit assures that taac (max) 


can be met. tacp (max) is specified as a reference point only; if 
tacp is greater than tacop (max), then access time is controlled 
exclusively by tcac. 


(2) Aninitial pause of 100 us is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 


achieved. eA 

(13) The tcrp requirement should be applicable for RAS/CS cycles 
(8) AC measurements assume ty = 5ns. preceded by any cycle. 
(4) Vin (min) and Vi. (max) are reference levels for measuring the 


timing of input signals. Transition times are measured between ; . - 
Vin and Vip. (15) Parameter twp is applicable for a delayed write cycle such as a 


read-write/read-modify-write cycle. For early write operation, 
both twcs and twop Must be met. 


(14) Either tarniy Or tac} Must be satisfied for a read cycle. 


(5) loot locos: loca, and Iocs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 : — 
is measured assuming that all column address inputs are held at (16) These parameters are referenced to the falling edge of CS for 


either a high level or a low level during RAS-only refresh cycles, early write cycles and to the falling edge of WE for delayed write 

loc4 is measured assuming that all column address inputs are or read-modify-write cycles. 

switched only once during each fast-page cycle. (17) twos; tawp, tcwp: and tawp are restrictive operating parame- 
(6) The minimum specifications are used only to indicate the cycle ters In read-write/read-modify-write cycles only. twos = twos 

time at which proper operation over the full temperature range (min), the cycle is an early write cycle and the data output will 

(Ta = Oto +70°C) is assured. remain open-circuit throughout the entire cycle. If towp = tcwpo 


(min), tawp = trawp (min), and tawp = tawp (min), the cycle is 


(7) Load = 2TTL (-1 mA, +4 mA) loads and 100 pF (Von = 2.0V, a read-write cycle and the data output will contain data read from 


VoL = 0.8 V). the selected cell. If neither of the above conditions is met, the 
(8) Assumes that tacp < tacp (max) and trap < trap (may). If condition of the data output pin (at access time and until CS 

tracp OF trap is greater than the maximum recommended value returns to Vj) is indeterminate. 

in this table, trac increases by the amount that tacp OF trap —(18) This parameter is not needed for the uPD421002-60 and 

exceeds the value shown. uPD421002-70. 


(9) Assumes that tacp = trcp (max) and trap < trap (max). (19) If twap <twap (maw), then access time is defined by tpwa. 


(10) Iftpap = trap (max), then the access time is defined by tag. 


(11) torf (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or Vo_. 
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Timing Waveforms 


Read Cycle 






Address 






High Impedance 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


| 
tAWD eo] 
t 
Ad 


( Column 
'RWD 
as 





MILLA, 





pPD421002 N; KE Cc 


Timing Waveforms (cont) 
_ RAS-Only Refresh Cycle 


High Impedance 


[1] WE and Address = don't care. 
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Timing Waveforms (cont) 





Hidden Refresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
tro 'RC 
tRAS 





High Impedance 
o P Valid Data 


831H-7132B 
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Timing Waveforms (cont) 





Static-Column Read Cycle 


Address 


to 


IH 
igh | dance 
maohiinpedens Valid Data 





831H-7133B 
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Timing Waveforms (cont) 


Static-Column Early Write Cycle 


TRA SS 


sy 


tcs | 


|<—__—_—_—— tawR———_>> 
TRAH tCAH 'CAH tCAH 
‘ASR i tasc tas 


sae NK Bs KD XD 8 MMMM 


| wei twsc : 
twes | k—§wer tCWL 
| twp twcs tWCH 


me (AW | /\ “ 
aa, 


[1] Dout = high Impedance. 
831H-71348 
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Timing Waveforms (cont) 


Static-Column Read-Write/Read-Modify-Write Cycle 


tcp 


tRcD 


tRAH tRwsc tRAL 
taSR ban tCAH 'CAH 


Address ip: pees) Ve Column Address K//m Column Address Column Address MI /, 





831H-7135B 
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NEC cfr 
262,144 x 4-Bit 


NEC Electronics Inc. Dynamic CMOS RAM 


Description Pin Configurations 


The pPD424256 is a fast-page dynamic RAM organized 
as 262,144 words by 4 bits and designed to operate from 
a single +5-volt power supply. Advanced polycide tech- 
nology using trench capacitors minimizes silicon area 
and provides high storage cell capacity, high perfor- 
mance, and high reliability. A single-transistor dynamic 
storage cell and advanced CMOS circuitry throughout 
ensure minimum power dissipation, while an on-chip 
circuit generates the negative-voltage substrate bias 
automatically and transparently. 


20-Pin Plastic DIP 


wPD424256 


The three-state !/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write cycle, BaIH-5564A 
data is held on the outputs by maintaining CAS low. The 
data outputs are returned to high impedance by return- 
ing CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle whereby the refresh addresses are 
internally generated. Refreshing may also be accom- 
plished by means of RAS-only refresh cycles or by 
normal read or write cycles on the 512 address combi- 
nations of Ag through Ag during an 8-ms refresh period 
(64 ms for -L versions). 


HPD424256 


Features 


262,144-word by 4-bit organization 
Single +5-volt +10% power supply scayseuaee 
Fast-page option 

Low power available in -L version 20-Pin Plastic ZIP 

CAS before RAS internal refreshing 

Multiplexed address inputs 

On-chip substrate bias generator 

Nonlatched, three-state I/O 

TTL-compatible inputs and outputs 

High-density 20-pin plastic DIP, 26/20-pin plastic 
SOu, or 20-pin plastic ZIP packaging 





GbooaoaonanaaaaAa A 


831H-5375A 





60069 TSOP package will be available in 1991. 6-83 
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Pin Identification Absolute Maximum Ratings 


Name Function Voltage on any pin relative to GND -1.0 to +7.0V 
Ao - Ag Address inputs Operating temperature, Topa Oto +70°C 
VO, -/O4 Data inputs and outputs Storage temperature, Tstg -55 to +125 °C 
CAS Column address strobe Short-circuit output current, log 50 mA 
OE Output enable Power dissipation, Pp 1.0 W 
RAS Row address strobe Sec RNR rent CARTE OR te PERC RATER 


Exposure to Absolute Maximum Ratings for extended periods may 


WE Write enable affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 

GNO Ground under DC and AC Characteristics. 

Voc +5-volt power supply 

NC No connection 


Ordering Information 


RAS Access R/W Cycle Fast-Page Cycle Refresh Standby 
Part Number Time (max) Time (max) (max) Period Current (min) Package 
»PD424256C-60 60 ns 120 ns 40 ns 8 ms 1 mA 20-pin plastic DIP 
C-70 70 ns 130 ns 45 ns 
C-80 80 ns 160 ns  50ns 
C-10 100 ns 190 ns 60 ns 
p.PD424256C-60L 60 ns 120 ns 40 ns 64 ms 200 pA 
C-70L 70 ns 180 ns 45 ns 
C-80L 80 ns 160 ns 50 ns 
C-10L 100 ns 190 ns 60 ns 
pPD424256LA-60 60 ns 120 ns 40 ns 8 ms 1mA 26/20-pin plastic SOJ 
LA-70 70 ns 130 ns 45 ns 
LA-80 80 ns 160 ns 50 ns 
LA-10 100 ns 190 ns 60 ns 
p.PD424256LA-60L 60 ns 120 ns 40 ns 64 ms 200 pA 
LA-70L 70 ns 130 ns 45 ns 
LA-80L. 80 ns 160 ns 50 ns 
LA-10L. 100 ns 190 ns 60 ns 
pPD424256V-60 60 ns 120 ns 40 ns 8 ms 1mA 20-pin plastic ZIP 
V-70 70 ns 130 ns 45 ns 
V-80 80 ns 160 ns 50 ns 
V-10 100 ns | 190 ns 60 ns 
pPD424256V-60L 60 ns 120 ns 40 ns 64 ms 200 pA 
V-70L 70 ns 130 ns 45 ns 
V-80L 80 ns 160 ns 50 ns — 
V-10L 100 ns 190. ns 60 ns 
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Block Diagram 


RAS Clock CAS Clock 

Generator Generator — 
WE Clock 
Generator 





CAS Before RAS Pa 
OE Clock 
Internal Refresh Generator 
Clock 


Refresh Address Data I/O Bus 
Counter 
3 Column Decoder Data-out 
Buffer 


Sense Amplifier 


Memory Array 


Multiplexer 
Address Buffer 
Row Decoder 


831H-6304B 











Recommended Operating Conditions Capacitance 
Parameter Symbol Min Typ Max Unit Uf eR MN oe ee 
input voltage, high iq 2.4 Veo ip, V+ Ea 8 St eh Ene ee et 
Input voltage, low Vit -1.0 0.8 Vv Inpuleapacitenes ih = 0 PE nee 
Supply voltage Voc 45 50. 5.5 7 Cig 7 __pF RAS, CAS, WE, OE 
Amibiens iar tempe Palne. “jm! OF 0 7 a Input/output capacitance Cio 7 pF VO 
DC Characteristics 
Ta = Oto +70°C; Vog = +5.0 +10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Vin 

1.0 mA RAS = CAS = Voc -0.2V 
Input leakage current uT(n) -10 10 pA Vin = Oto 5.5 V; all other pins not under test = OV 
Output leakage current low -10 10 pA Dour disabled; Vout = 0 to 5.5V 
Output voltage, low VoL 0.4 Vv lo. = 4.2mA 
Output voltage, high Vou 2.4 Vv lon = -5 mA 








pPD424256 


AC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 


Parameter 


Operating current, 
average 


pPD424256-60 


pPD424256-70 pPD424256-80 p»PD424256-10 


Min 


Max 
80 


Min 


Max 
70 


Min 


Max 
60 


Unit 


mA 


NEC 


Test Conditions 
RAS and CAS cycling; 


tac = tac min; (Note 5) 


Operating current, 
RAS-only refresh 
cycle, average 


Operating current, 


80 


70 


70 


60 


60 


50 


mA 


mA 


RAS cycling; CAS = 
Vini tac = tac min; 
(Note 5) 


RAS = Vis CAS 


loca 80 


fast-page cycle, 
average 


Operating current, 
CAS before RAS 
refresh cycle, average 


Access time from 
column address 


Access time from CAS 
precharge (rising 
edge) 


80 


40 


70 


45 


45 


60 


50 


55 


mA 


ns 


ns 


cycling; tpc = tpg min; 
(Note 5) 


RAS cycling; CAS = 
Vis tac = tac min; 
(Note 5) 


(Notes 7, 10, 13) 


(Notes 7, 18) 


Column address hold 


time referenced to 
RAS 


N/A 


60 


20 


70 


20 


ns 


ns 


Column address setup 


time 


(Note 13) 


Row address setup 


time 


ns 


(Note 18) 


Column address to 


WE delay time 


55 


70 


80 


ns 


Access time from CAS 


(falling edge) 


20 


20 


25 


ns 


(Notes 7, 9, 10, 13) 


Column address hold 


time 
CAS pulse width 


CAS hold time for 
CAS before RAS 
refresh cycle 


17 


20 
15 


10,000 


20 


20 
15 


10,000 


20 


25 
20 


10,000 


ns 


ns 


ns 


CAS precharge time, 


fast-page cycle 
CAS precharge time, 
nonpage cycle 


CAS to RAS 
precharge time 


10 


10 


10 


16 


10 


10 


10 


20 


10 


10 


10 


25 


ns 


ns 


ns 


(Note 13) 


(Note 14) 


CAS hold time 


CAS setup time for 
CAS before RAS 
refresh cycle 


CAS to WE delay 


70 
10 


40 


10 


45 


100 
10 


55 


ns 


ns 


ns 


(Note 18) 


Write command to 


CAS lead time 


Symbol Min Max 
loci 90 
loc3 90 
locos 90 
taAa 30 
tacp 35 
taR N/A 

tasc 0 

tasR 0 

tawp 50 

tcoac 20 
tCAH 15 

tcas 20 10,000 
tour 1 

top 10 

tcpn 10 

tcrp 10 

tcsH 60 

tcsr 10 

tcowo 40 

tow. 15 

toH 15 


15 


20 


20 


ns 


Data-in hold time 
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15 


20 


ns 


(Note 17) 
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AC Characteristics (cont) 
pPD424256-60 pPD424256-70 p»PD424256-80 »PD424256-10 








Parameter Symbol] Min Max Min Max Min Max Min Max Unit Test Conditions 
Data-in hold time tpHR N/A N/A 60 70 ns 

referenced to RAS 

Data-in setup time tps 0 0 0 0 ns _—_ (Note 17) 
Access time from OE toga 20 20 20 25 ns 

OE data delay time toep 15 15 20 25 ns 

OE command hold toEH 0 0 0 0 ns 

time 

GE to RAS inactive toes 0) 0 0 0 ns 

setup time 

Output turnoff delay toEz 0 15 0 15 0 20 0 25 ns _—_ (Note 11) 
from OE 

Output buffer turnoff torr 0 15 0 15 0 20 0 25 ns____ (Note 11) 
delay 

Fast-page cycle time tpc 40 45 50 60 ns___ (Note 6) 
Fast-page read-write tprawc 85 90 105 125 ns 

cycle time 

Access time from RAS ~— taac 60 70 80 100 ns _ (Notes 7, 8) 
RAS to column trap 15 30 15 35 17 35 17 50 ns _—_ (Note 10) 
address delay time 

Row address hold tRAH 10 10 12 12 ns 

time 

Column address lead tRAL 30 35 45 50 ns 


time referenced to 
RAS (rising edge) 


RAS pulse width tras 60 10,000 70 10,000 80 10,000 100 10,000 ons 

RAS pulse width, fast’  trasp 160 100,000 70 100,000 80 # 100,000 100 100,000 ns 

page cycle & 

Random read or write trac 120 130 160 190 ns___ (Note 6) 

cycle time 

RAS to CAS delay tacp 20 40 20 50 25 60 25 75 ns (Note 12) 

time 

Read command hold tRCH 0 0 0 0 ns _—_ (Note 15) 

time referenced to 

CAS 

Read command setup tacs 0 0 0 0 ns 

time 

Refresh period tREF 8 8 8 8 ms Addresses Ag - Ag; 
64 ms for -L versions 

RAS precharge time trp 50 50 70 80 ns 

RAS precharge CAS tRpc 10 10 10 10 ns 

hold time 

Read command hold —s tay 10 10 10 10 ns (Note 15) 

time referenced to 

RAS 

RAS hold time tasH 20 20 20 25 ns 

Read-write cycle time trawc 165 175 215 255 ns (Note 6) 

RAS to WE delay tawo 80 90 105 130 ns___ (Note 18) 
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AC Characteristics (cont) 


#PD424256-60 »PD424256-70 pPD424256-80 »PD424256-10 


Parameter 


Write command to 
RAS lead time 


Rise and fall tr 3 50 3 50 
transition time 


tawe 20 20 


Write command hold twoH 15 15 


time 


Symbol Min Max Min Max 


Min Max Min Max Unit 
25 30 ns 


Test Conditions 


3 50 3 50 ns (Note 4) 


15 20 ns 





Write command hold 
time referenced to 


RAS 


Write command setup 
time 


twcr N/A N/A 


twos 0 0 


Write command pulse — twp 15 15 
width 


55 70 ns 


0 0 ns (Note 18) 


15 20 ns (Note 16) 





Notes: 
(1) All voltages are referenced to GND. 


(2) An initial pause of 100 us is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


(3) Ac measurements assume ty = 5ns. 


(4) Vin (min) and Vi. (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vic. 


(©) Ioc1 Iocs: loca, and Iocs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
Ioc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Tn =0 to +70 °C) is assured. 


(7) Load = 2 TTL (1mA, +4mA) loads and 100 pF (Vo4=2.0 V 
and VoL =0.8 Vv). 


(8) Assumes that tacp = trop (max) and trap < trap (max). If 
tacp OF trap is greater than the maximum recommended value 
in this table, taac increases by the amount that tacp or trap 
exceeds the value shown. 


(9) Assumes that tacp 2 tacp (max) and trap = trap (max). 
(10) Iftrap = trap (max), then the access time is defined by tya. 
(11) tore (max).and to¢z (max) define the time at which the outputs 


achieve the open-circuit condition and are not referenced to Voy 
or VoL. 

(12) Operation with the tacp (max) limit assures that taac (max) can 
be met. tacp (max) is specified as a reference point only; if tacp 
is greater than tacp (max), access time is controlled exclusively 
by tcac: 


(13) For fast-page read operation, the definition of access time is as 








follows: 

CAS and Column Address Access Time 
Input Conditions Definition 
tcp = tcp (max), tasc = top tacp 
tcp = cp (max), tasc = tcp taa 

tcp = cp (max), tasc < tasc (max) taa 

tcp = cp (max), tasc 2 tasc (max) tcac 


(14) The tcorp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(15) Either tarry Or tacy must be satisfied for a read cycle. 


(16) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twos and twoH must be met. 


(17) These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles, 


(18) twos, tawp, tcwo; and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data 1/O pins will 
remain open-circuit throughout the entire cycle. If towp 2 tcwp 
(min), tawp 2 tawp (min), and tawp = tawp (min), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. if neither of the above conditions is met, 
the condition of the data I/O pins (at access time and until CAS 
returns to Vj}) is indeterminate. i 


NEC 


Low Power Battery Backup (-L Versions Only) 


The »wPD424256-L is capable of low power battery 
backup during times of reduced system power, when the 
input buffers and all nonessential internal circuits are 
turned off. For the input buffers to be turned off and the 
amount of leakage current flowing through them re- 
duced, the »PD424256-L must be in standby and all 
control lines within 0.2 V of either Voc or GND, as 
appropriate. When RAS and CAS are both within 0.2 V of 
Voc, the internal circuits are inactive and power require- 
ments reduced even further. Standby current can drop as 
low as 200 pA. 


Battery Backup Current 


Symbol Max Unit 
loce 200 pA tras < 300 ns 
loce 300 pA tras 2 300 ns and < 1 us 


CAS Before RAS Refresh Cycle 


pPD424256 


CAS before RAS refresh cycles are executed at a mini- 
mum rate to ensure that all 512 rows are refreshed only 
once every 64 ms. The time that RAS is low (taas) and the 
pPD424256-L active needs to be as short as possible, 
typically less than 300 ns, to minimize power usage 
during refresh operation. The following table shows the 
conditions under which the lowest average standby 
current can be obtained. 


Standby Conditions 


RAS = CAS = Voc -0.2V; CE= Voc - 0.2 V; 
WE = Addresses = Voc - 0.2 Vor <= 0.2V; 1/0 
2 Voc - 0.2 V or s 0.2 V or high-Z 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


OE-Controlled Write Cycle 


TRAL 
bee leon 
Column Address ) 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 





NEC 


Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


Address 


Input/Output 


Don't Care 


Don't Care 


Don't Care 


High Impedance 


pPD424256 


831H-6649B 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle Hidden Refresh Cycle Hidden Refresh Cycle 
tre tRC 


tRAS 


Address 


High Impedance ; 
Input/Output Valid Data 





831H-6650B 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 





a 
| 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 
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NEC pPD424258 
262,144 x 4-Bit 


NEC Electronics Inc. Dynamic CMOS RAM 


Description Pin Configurations 


The pPD424258 is a static-column dynamic RAM orga- 
nized as 262,144 words by 4 bits and designed to operate 
from a single +5-volt power supply. Advanced polycide 
technology using trench capacitors minimizes silicon 
area and provides high storage cell capacity, high per- 
formance, and high reliability. A single-transistor dy- 
namic storage cell and advanced CMOS circuitry 
throughout ensure minimum power dissipation, while an 
on-chip circuit generates the negative-voltage substrate 
bias—automatically and transparently. 


20-Pin Plastic DIP 


uPD424258 


The three-state I/O pins are controlled by CS indepen- 
dent of RAS. After a valid read or read-modify-write cycle, saieisak 
data is held on the outputs by maintaining CS low. The 
data outputs are returned to high impedance by return- 
ing CS high. Static-column read and write cycles can be 
executed by switching the column address inputs. 


Refreshing may be accomplished by means of a CS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read and 
write cycles on the 512 address combinations of Ap 
through Ag during an 8-ms refresh period. 





wPD424258 


Features 


262,144-word by 4-bit organization 
Single +5-volt +10% power supply 
Static-column option 

Low power dissipation 

CS before RAS internal refreshing 
Multiplexed address inputs 

On-chip substrate bias generator 
Nonlatched, three-state I/O 

Low input capacitance 
TTL-compatible inputs and outputs 
512 refresh cycles every 8 ms 
High-density 20-pin plastic DIP, 26/20-pin plastic 
SOu, or 20-pin plastic ZIP packaging 





20-Pin Plastic ZIP 


oopoonoanaaanaanaaaAanaA 
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Block Diagram 





RAS Clock CS Clock 

Generator Generator = 
WE Clock 
Generator 


OE Clock 
Generator 


Data /O Bus eal 


Data-in 
Buffer 


: Column Decoder Data-out 
Buffer 
Sense Amplifier 


Memory Array 


Address Buffer 
Row Decoder 





Ordering Information 


RAS Access RW Cycle Static-Column 
Part Number Time (max) Time (max) Access (max) Package 
p.PD424258C-60 60 ns 120 ns 35 ns 20-pin plastic DIP 
C-70 70 ns 130 ns 40 ns 
C-80 80 ns 160 ns 50 ns 
C-10 100 ns 190 ns 60 ns 
pPD424258LA-60 60 ns 120 ns 35 ns 26/20-pin plastic SOJ 
LA-70 70 ns 130 ns 40 ns 
LA-80 80 ns 160 ns 50 ns 
LA-10 100 ns 190 ns 60 ns 
pPD424258V-60 60 ns 120 ns 35 ns 20-pin plastic ZIP 
V-70 70 ns 130 ns 40 ns 
V-80 80 ns 160 ns 50 ns 
V-10 100 ns 190 ns 60 ns 
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NEC 














pPD424258 

Pin Identification Capacitance 
Name Function Ta 20°) f = 1 MPR 
Ao - Ag Address inputs Parameter Symbol Max Unit Pins Under Test 
WO, -VOq Data inputs/outputs aie eee ei ee ee 
RAS Row address strobe C2 i il RAS, CS, WE, OF 
ts Chip select panes sesh Cio 6 BF VO - O04 
WE Write enable 
ve Outnat ehane Recommended Operating Conditions 
ca Siu Parameter Symbol Min Typ Max Unit 
Vec coe a Supply Input voltage, high Vin 2.4 Voc + 1.0 Vv 
NG Roveonneetien Input voltage, low VIL -1.0 0.8 Vv 

Supply voltage Voc 45 5.0 5.5 Vv 
Absolute Maximum Ratings Ambienttemperature TO 70 °C 
Voltage on any pin relative to GND, V+ - -1.0 to +7.0V —— a ee a ee Gwe gy ee ee 
Operating temperature, Topr 0 to +70°C 
Storage temperature, Tstg -55 to +125°C 
Short-circuit output current, los 50 mA 
Power dissipation, Pp 1.0W 
Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 
DC Characteristics 
Ta = 0 to +70°C; Voc = +5.0V +10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CS = Vin 

1.0 mA RAS = CS = Voc - 0.2 

Input leakage current Nay -10 10 pA Vin = 0 V to Voc; all other pins not under test = OV 
Output leakage current low) -10 10 pA Dout disabled; Voyt = OV to Voc 
Output voltage, low VoL 0.4 Vv lo = 4.2mA 
Ouiput voltage, high Vou 2.4 Vv lon = -5 mA 
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AC Characteristics 
Ta = Oto + 70°C; Vog = +5.0 V 410% 




















-60 -70 ~80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max _ Unit Test Conditions 
Operating current, average loot 90 80 70 60 mA RAS, CS cycling; 
: tac = taco min 
(Note 5) 

Operating current, RAS-only loca 90 80 70 60 mA_ RAS cycling; CS = 

refresh cycle, average Vin} tac = tac min 
(Note 5) 

Static-column operating current, loca 80 70 60 50 mA RAS = CS= Vy; 

average addresses cycling; 
tasc = tasc min 
or twsc = twsc 
min (Note 5) 

Operating current, CS before RAS = Iogs 90 80 70 60 mA RAS cycling; CS 

tefresh cycle, average ; before RAS; tac = 

tro min (Note 5) 

Access time from column address taAA 30 35 45 50 ns (Notes 7, 10) 

Column address hold time tay 15 15 15 15 ns 

referenced to RAS (rising edge) 

Column address hold time tar N/A N/A 80 100 ns ___ (Note 18) 

referenced to RAS 

Column address setup time tasc 0 0 0” 0 ns 

Row address setup time tasr 0 0 o- fe] ns 

Column address to WE delay time — tawp 50 55 70 80 ns (Note 17) 

Column address hold time tawR N/A N/A 60 60 ns 

referenced to RAS {write cycle) : 

Access time from CS (falling edge) toac 20 20 20 25 ns (Notes 7, 9, 10) 

Column address hold time tcAH 15 17 20 20 ns 

CS hold time for CS before RAS tour 15 15 15 20 ns 

refresh cycle 

CS precharge time, static-column _— top 10 10 10 10 ns 

cycle 

CS to RAS precharge time torp 10 10 10 10 ns (Note 13) 

CS pulse width tes 20 100,000 20 100,000 20 100,000 25 100,000 ns 

CS hold time tosH 60 70 80 100 ns 

CS setup time for CS before RAS _— tcosr 10 10 10 10 ns 

refresh cycle 

CS to WE delay towo 40 40 45 55 ns (Note 17) 

Write command to CS lead time towL 15 15 20 20 ns 
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AC Characteristics (cont) 





-60 -70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Datainholdtime | ty 1 £416 420 20 ns (Note) 
Data-in hold time referenced to toHR N/A N/A 60 70 ns (Note 18) 
RAS 
Data-in setup time tos 0 (e) 0 0 ns (Note 16) 
Access time from OE toEA 20 20 20 25 ns _ (Note 7) 
OE data delay time toep 15 15 20 25 ns 
OE command hold time toEH 0 0 0 0 ns 
OE to RAS inactive setup time toes 0 0) 0 0 ns 
Output turnoff delay from OE toEz 15 15 20 25 ns (Note 11) 
Output buffer turnoff delay torr 0 15 0 15 0 20 0 25 ns (Note 11) 
Output hold time from address tou 5 5 5 5 ns 
Output enable time from WE tow 25 25 25 30 ns___ (Note 7) 
Access time from previous WE tpwa 60 70 90 110 ns (Notes 7, 19) 
(falling edge) 
Column address hold time from tpwH 60 70 90 : 110 ns 
previous WE (falling edge) 
Access time from RAS trac 60 70 80 100 ns _ (Notes 7, 8) 
RAS to column address delay time trap 15 30 15 35 17 35 17 50 ns (Note 10) 
Row address hold time tRAH 10 10 12 12 ns 
Column address lead time tRAL 30 35 45 50 ns 
referenced to RAS (rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 100 10,000 ns 
RAS pulse width, static-column trasc 60 100,000 70 100,000 80 100,000 100 100,000 ns 
cycle 
Random read or write cycle time tac 120 130 160 190 ns (Note 6) 
RAS to CS delay time tacp 20 40 20 50 25 60 25 75 ns (Note 12) 
Read command hold time tacH 0 ce) 0 0 ns (Note 14) 
referenced to CS 
Read command setup time tacs 0 0 0 0 ns 
Refresh period tREF 8 8 8 8 ms Addresses Ag - Ag 
RAS precharge time trp 50 50 70 80 ns 
RAS precharge CS tapc 10 10 0 0) ns 
hold time 
Read command hold time taRH 10 10 10 10 ns_ = (Note 14) 
referenced to RAS 
Static-column read cycle time tasc 35 40 ; 50 60 ns__—_ (Note 6) 
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AC Characteristics (cont) 




















~60 -70 -80 -10 

Parameter Symbol Min) Max Min Max Min Max Min Max _ Unit Test Conditions 
RAS hold time - trsH 20 20 20 25 ns 
RAS to second WE delay tasw 75 85 95 115 ns 

Read-write cycle time tawc 165 175 215 255 ns___ (Note 6) 
RAS to WE delay tawp 80 90 105 130 ns (Note 17) 
Write command to RAS lead time — tawi 20 20 25 30 ns 

Static-column read-write cycle time tawsc 85 95 120 145 ns (Note 6) 

Rise and fall transition time tr 3 50 3 50 3 50 3 50 ns (Note 4) 
Previous WE (falling edge) to twap 20 30 22 35 20 45 25 55 ns (Note 19) 
column address delay time 
Write command hold time twcH 15 15 15 20 ns 
Write command hold time twor N/A N/A 55 70 ns (Note 18) 
referenced to RAS 

Write command setup time twos 0 0 0 0 ns (Note 17) 
Write invalid time tw 10 10 10 10 ns 
Write command pulse width twp 15 15 15 20 ns (Note 15) 
Static-column write cycle time twsc 35 40 50 60 ns__ (Note 6) 

Notes: 

(1) All voltages are referenced to GND. (12) Operation within the tacp (max) limit assures that trac (max) 


; : can be met. tacp (max) is specified as a reference point only; if 
(2) An initial pause of 100 us is required after power-up, followed by trcp is greater than tacp (max), then access time is controlled 
any eight RAS cycles, before proper device operation is exclusively by tcac, tan OF toca. 
achieved. 


(18) The tcrp requirement should be applicable for RAS/CS cycles 
(8) AC measurements assume ty = 5 ns. preceded by any cycle. 


(4) Vin (min) and Vi. (max) are reference levels for measuring the = — (14) Either tan or tac must be satisfied for a read cycle. 
timing of input signals. Transition times are measured between 


Vi and Vip. (15) Parameter twp is applicable for a delayed write cycle such as a 
R read-write/read-modify-write cycle. For early write operation, 
(8) lect: loca: loca, and Icgs depend on output loading and cycle both twog and tyoy must be met. 


rates. Specified values are obtained with the output open. Ioc3 : —— 
is measured assuming that all column address inputs are held at (16) These parameters are referenced to the falling edge of CS for 


either a high level or a Jow level during RAS-only refresh cycles. early write cycles and to the falling edge of WE for delayed write 

loc4 is measured assuming that all column address inputs are or read-modify-write cycles. 

switched only once during each fast-page cycle. (17) twos; tawo, tewo: and tawp are restrictive operating parame- 
(6) The minimum specifications are used only to indicate the cycle ters in read-write/read-modify-write cycles only. Iftwos = twos 

time at which proper operation over the full temperature range (min), the cycle is an early write cycle and the data output will 

(Ta = Oto +70°C) is assured. remain open-circuit throughout the entire cycle. lf towp = tcwo 


(min), tawp 2 tawp (min), and tawp = tawp (min), the cycle is 


(7) Load = 2TTL (-1 mA, +4 mA) loads and 100 pF (Von = 2.0V, a read-write cycle and the data output will contain data read from 


Vo. = 0.8 V). the selected cell. if neither of the above conditions is met, the 
(8) Assumes that tacp = trcp (max) and trap = trap (max). If condition of the data output pin (at access time and until CS 

tacp OF taap is greater than the maximum recommended value returns to Vj) is indeterminate. 

in this table, taac increases by the amount that tacp Or trap —(18) This parameter is not needed for the uPD421000-60 and 

exceeds the value shown. uPD421000-70. p=" * 


(9) Assumes that tacp 2 tacp (max) and trap < trap (may). (19) if twap < twap (max), then access time is defined by towa- 


(10) Iftpap = taap (max), then the access time is defined by tga. 


(11) togr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 
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Timing Waveforms 





Read Cycle 





Address 














High Impedance High Impedance 





Input/Output 


83YL-7136B 
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Timing Waveforms (cont) 


Early Write Cycle 


Address 


YY YY 


Note: 
(1] OE = don't care. 
83YL-7137B 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tRP 


tcRP tRPC 


High Impedance 
Input/Output 


Note: 
{1] WE = OE = don't care. 





CS Before RAS Refresh Cycle 


AUN 


High tmpedance 
Input/Output : a 


Note: 
[1] WE = OE =don'tcare. 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 


Static-Column Read Cycle 


Address 





WLLL. 


XX XX) 


83YL-7143B 





6-113 


pPD424258 N: KE Cc 


Timing Waveforms (cont) 


Static-Column Early Write Cycle 
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Note: 
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Timing Waveforms (cont) 


Static-Column Read-Modify-Write Cycle 
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NEC pPD424266 
262,144 x 4-Bit 


NEC Electronics Inc. Dynamic CMOS RAM 


Description Pin Configurations 


The uPD424266 is a 262,144 by 4bit dynamic RAM 
designed with a write-per-bit option and to operate 
from asingle + 5-volt power supply. Advanced polycide 
technology using trench capacitors minimizes silicon 
area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor 
dynamic storage cell and CMOS circuitry throughout 
ensure minimum power dissipation, while an on-chip 
circuit internally generates the negative-voltage sub- 
strate bias—automatically and transparently. 


20-Pin Plastic DIP 


8 
N 
vr 
N 
wt 
a 
om 
=e 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 512 address combinations of Apo 
through Ag during an 8-ms refresh period. 


Features 


QO 262,144 by 4-bit organization 
Single + 5-volt power supply 
Write-per-bit option e3YL-7274A 
Fast-page option 

Low power dissipation 20-Pin Plastic ZIP 

CAS before RAS internal refreshing 

Multiplexed address inputs 

On-chip substrate bias generator 
TTL-compatible inputs and outputs 

Nonlatched, three-state outputs 

Low input capacitance 

512 refresh cycles every 8 ms 

High-density 20-pin plastic DIP, 26/20-pin plastic 
SOJ, or 20-pin plastic ZIP packaging 





HBoonoonodaonoaaoo non do 


83YL-7275A 
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Pin Identification 
Name 

Ao ~ Ag 
YO - VO4 
CAS 

OE 

RAS 

WE 

GND 
Veo 

NC 


Function 

Address inputs 

Data inputs and outputs 
Column address strobe 
Output enable 

Row address strobe 
Write enable 

Ground 

+5-volt power supply 


No connection 


Recommended Operating Conditions 
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Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol Max Unit Pins Under Test 
Input capacitance Cy, 5 pF Addresses 

Cio 7 pF RAS, CAS, WE, OE 
Input/output Cio 7 pF O04 - YOu 
capacitance 
Absolute Maximum Ratings 
Voltage on any pin relative to GND, Vy -1,0 to +7.0V 
Operating temperature, Topp Oto + 70°C 
Storage temperature, Tete -55 to + 125°C 


Short-circuit output current, log 50 mA 
‘Parameter Symbol Min Typ Max Unit Power dissipation, Pp 1.0W 
lnpur voltage, high ViH th Yeo 5210" Exposure to Absolute Maximum Ratings for extended periods may 
Input voltage, low Vit -1.0 0.8 V affect device reliability; exceeding the ratings could cause perma- 
Supply voltage Veo 45 50 5.5 Vv nent damage. The device should be operated within the limits 
Ambient temperature Ta 0 70 °G specified under DC and AC Characteristics. 
Ordering Information 
Part Number RAS Access Time (max) R/W Cycle Time (max) Fast-Page Cycle (max) Package 
uPD424266C-60 60 ns 120 ns 40 ns 20-pin plastic DIP 
C-70 70 ns 130 ns 45 ns 
C-80 80 ns 160 ns 50 ns 
C-10 100 ns 190 ns 60 ns 
UPD424266LA-60 60 ns 120 ns 40 ns 26/20-pin plastic SOJ 
LA-70 70 ns 130 ns 45 ns 
LA-80 80 ns 160 ns 50 ns 
LA-10 100 ns 190 ns 60 ns 
uUPD424266V-60 60 ns 120 ns 40 ns 20-pin plastic ZIP 
V-70 70 ns 130 ns 45 ns 
V-80 80 ns 160 ns 50ns - 
V-10 100 ns 190 ns 60 ns 
DC Characteristics 
Ta = 0 to + 70°C; Vog = +5.0 410% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = Vix (min); lo = OMA 
1.0 mA RAS = CAS = Voc - 0.2 Vi lo = OmA 
Input leakage current hy -10 10 uA Vin = 0 V to Voc; all other pins 
not under test = 0V 
Output leakage current low -10 10 LA DouT disabled; Vout = OV to Voo 
Output voltage, low VoL 0.4 Vv loc = 4.2 mA 
Output voltage, high Vou 2.4 V lon = -5 mA 
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Block Diagram 


CAS Clock 
Generator 


WE Clock 
Generator 


OE Clock 
Generator 


Data I/O Bus 


Column Decoder Data-out 
Buffer 
Sense Amplifier 


Memory Array 


Multiplexer 
Address Buffer 
Row Decoder 





AC Characteristics 
Ta = Oto +70°C; Veg = +5.0V +10% 








-60 -70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max _ Unit Test Conditions 
Operating current, loc . 90 80 70 60 mA RAS, CAS cycling; 
average trac = tac min (Note 5) 
Operating current, loc3 90 80 70 60 mA RAS cycling; CAS = Vyy; 
RAS- only refresh cycle, tro = tac min (Note 5) 
average 
Operating current, loca 80 70 60 50 mA RAS = Vi; CAS cycling; 
fast-page cycle, average tpe = tpc min (Note 5) 
Operating current, loos 90 80 70 60 mA RAS cycling; CAS before 
CAS before RAS refresh RAS; tro = tro min 
cycle, average (Note 5) 
Access time from taa 30 35 40 50 ns (Notes 7, 10) 
column address 
Access time from CAS tacp 35 40 45 55 ns (Notes 7) 
precharge (rising edge) 
Column address tasc 0 0 0 0 ns 
setup time 
Row address setup time tasr 0 ie] ie] 0} ns 
Column address to WE tawo 50 55 65 80 ns _ (Note 17) 
delay time 
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AC Characteristics (cont) 














-60 ~70 ~80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max _ Unit Test Conditions 
Access time from CAS toac 20 20. 20 25 ns _(Notes 7; 9, 10) 
(falling edge) 
Column address tcaH 15 17 20 20 ns 
hold time 
CAS pulse width tcas 20 10,000 20 10,000 20 10,000 25 10,000 ns 
CAS hold time for CAS tcHr 15 15 15 20 ns 
before RAS refresh cycle 
CAS precharge time, top 10 10 10 10 ns 
fastpage cycle 
CAS precharge time, topn 10 10 10 10 ns 
nonpage cycle 
CAS to RAS torp 10 10 10 10 ns (Note 13) 
precharge time 
CAS hold time tcosH 60 70 80 100 ns 
CAS setup time for CAS tosr 10 10 10 10 ns 
before RAS refresh cycle 
CAS to WE delay towp 40 40 45 55 ns _—_—_ (Note 17) 
Write command to tow 15 15 20 20 ns 
CAS lead time 
Data-in hold time tou 15 15 20 _ 20 ns (Note 16) 
Data-in setup time tos ie) 0 0 0 ns (Note 16) 
Access time from OE toEA 20 20 20 25 ns 
OE data delay time toED 15 15 20 25 ns 
OE command hold time toEH 0 0 0 0 ns 
OE to RAS inactive setup toes 0 0 0 0 ns 
time 
Output turnoff delay from = toEz 0 15 0 15 ce] 20 0 25 “ns (Note 11) 
OE 
Output buffer turnoff torr 0 15 0 15 0 20 0 25 ns (Note 11) 
delay : 
Fastpage cycle time tpc 40 45 50 60 ns (Note 6) 
Fast-page read-modify- tprweo 85 90 105 125 ns (Note 6) 
write cycle time 
Access time from RAS trac 60 7, 80 100 ns (Notes 7, 8) 
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AC Characteristics (cont) 





-60 -70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max _ Unit Test Conditions 
RAS to column address trap 15 30 15 35 17 40 17 50 ns (Note 10) 
delay time 
Row address hold time tRAH 10 10 12 12 ns 
Column address lead tRAL 30 35 40 50 ns 
time referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10,000 70 10,000 80 10,000 100 10,000 ns 
RAS pulse width, trasp 60 100,000 70 100,000 80 100,000 100 100,000 ns 
fast-page cycle 
Random read or write treo 120 130 160 190 ns (Note 6) 
cycle time 
RAS to CAS delay time trop 20 40 20 50 25 60 25 75 ns (Note 12) 
Read command hold tRoH 0 0 0 0 ns (Note 14) 
time referenced to CAS 
Read command tres 0 0 0 0 ns 
setup time 
Refresh period tReF 8 8 8 8 ms Addresses Ag - Ag 
RAS precharge time trp 50 50 70 80 ns 
RAS precharge CAS trec 10 10 0 0 ns 
hold time 
Read command hold trRH 10 10 10 10 ns (Note 14) 
time referenced to RAS 
RAS hold time tRsH 20 - 20 20 25 ns 
Read-write cycle time trawe 165 175 215 255 ns (Note 6) 
RAS to WE delay trwp 80 90 105 130 ns (Note 17) 
Write command to tRWL 20 20 25 30 ns 
RAS lead time 
Rise and fall tT 3 50 3 50 3 50 3 50 ns (Note 4) 
transition time 
Write-per-bit hold time tWBH 10 10 10 10 ns 
Write-per-bit setup time twes 0 (0) 0 0 ns 
Write command twcoH 15 15 15 20 ns (Note 15) 
hold time 
Write command twos 0 0 0 0 ns (Note 16) 
setup time 
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AC Characteristics (cont) 


NEC 





Max 


15 20 ns 


-80 -10 
Min Max Min Max Unit Test Conditions 
10 10 ns 
(Note 15) 
0 0 ns 


tws 0 (0) 


-60 ~70 
Parameter Symbol Min Max Min 
Write-per-bit mask data twH 10 10 
hold time 
Write command twp 15 15 
pulse width 
Write-per-bit mask data 
setup time 
Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(8) 


(9) 


All voltages are referenced to GND. 


An initial pause of 100 ps is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


AC measurements assume ty = 5 ns. 


Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and VIL: 


loct loca: loca, and logs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iocg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
Io¢4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto +70°C) is assured. 


Load = 2TTL (-1 mA, +4 mA) loads and 100 pF (Voy = 2.0V, 
VoL = 0.8 V), 


Assumes that tacp <= trop (max) and trap < trap (max). If 
trop oF trap is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or trap 
exceeds the value shown. 


Assumes that tacp 2 tacp (max) and trap <= trap (max). 
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(10) If tpap = trap (max), then the access time is defined by ta. 


(11) torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or VoL. 


(12) Operation within the tacp (max) limit assures that trac (max) 
can be met. trcp (max) is ‘specified as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 
exclusively by toac. 


(13) The topp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(14) Either tary or troy must be satisfied for a read cycle. 


(15) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twos and two must be met. 


(16) These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


(17) twos; tawo, tcwp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. Iftcwp = tcwp 
(min), tawp 2 trwp (min), and tawp = tawp (min), the cycle is 
a read-write cycle and the data output will contain data read from 
the selected cell. If neither of the above conditions is met, the 
condition of the data output pin (at access time and until CAS 
returns to Viz) is indeterminate. 
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Write-Per-Bit Option 


The write-per-bit option may be used to allow a write 
cycle to change any number of bits in the 4-bit word. The | 
mask is loaded from the four I/O lines at the falling edge 
of RAS if WE=Vj.. If the 1/O line is high, then the 
corresponding bit will be written when the write cycle 
executes. If an I/O line is low, the corresponding bit does 
not change. A mask loaded during fast-page operation 
will remain set and active for each write cycle that 
executes while RAS remains low. The mask may be 
changed at the falling edge of RAS only. 


Comparison of Write-Per-Bit Cycle Versus Standard 4-Bit Write Cycle 


Write-Per-Bit 
Cycle 


Normal 4-bit 
Write Cycle 


Mask Data Write Operation 

1 (High) Write Bit 

VO, 
0 (Low) Disable Bit Write 
1 (High) Write Bit 

VOo 
0 (Low) Disable Bit Write 
1 (High) Write Bit 

VO3g 
ie) 
1 


(Low) Disable Bit Write 
(High) Write Bit 


VO. 
0 (Low) Disable Bit Write 
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Timing Waveforms 


Read Cycle 


Address 


inpuy/Output High fmpedance 
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High Impedance 
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Timing Waveforms (cont) 


Early Write Cycle 





Address 


7 A AY A a mY mY AY fy mm YY Mk” BOY OY OY AY MY AY YY OY 






Write-Per-Bit 
Mask Set 






AAAAAAAAAAAAAA A A AAA AAA 






[1] OE = don't care. 
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Timing Waveforms (cont) 


Late Write Cycle 


eos XX) 


= eK? VTL 


'OEH 


= MMMM LI | Ses 


tws tWH toED 


woo 7) ar HOR 


tDH 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


Address 


TWBS: 


we BYE write Pecan 4/7 
ve ON See K/ 
} tAA 
tws >]. 'WH Lae 


Write-Per-Bit High Impedance 
Input/Output High ( Mask Set ) 
Impedance 
aes 
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TCWL 
tRWL 


'OEH 


SEE 


tOED 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


Address 


High Impedance 
inpuyOutput 


Notes: 
[1] WE = OE = don't care. 


CAS Before RAS Refresh Cycle 


Address Don't Care 


Don't Care 


Don't Care 


High Impedance 
Input/Output 
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tRP 
tRPC 


AUN 
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Timing Waveforms (cont) 
Hidden Refresh Cycle 


Memory Cycle 
tre 
tRAS 


Address 


High Impedance 


Input/Output 


Hidden Refresh Cycle 


tAC 


Valid Data 
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Hidden Refresh Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


Address 


Input/Output 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 








tRSH 





tcp tcp 


tcrP tacD ICAS ff tcaAS hate tCAS 'CPN 


F, ] 
on \\ 
tRAD: tASC TRAL 







tasR tRAH tcaH tasc tcAH taSC tCAH 
XQ) KXXR) AKER.  SAKKIAREKKEXKARK 
nacre XM row KL counn KAKO coume HOXXMWK _cotmn XX 
| 








[1] OE = don't care. 
83YL-72808 
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Timing Waveforms (cont) 


Fast-Page Late Write Cycle 


H 
= 


NEC 


tacs tCWL rari | 
tWCH tWCH trcs 


twBs tWBH twp. tRcs 


tWCH 


ve ae K7 Gi : LILI 
“I FE 


tws twH toeD 


WPB 


Input/Output yy; Mask Set KX 
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Timing Waveforms (cont) 





Fast-Page Read-Write/Read-Modify-Write Cycle 


tRCD 


tRAD 


tASR tCAH TRAL: 
tasc tasc tow 


tRAH 
| | 
oe Coe ce 
; Nl 
| tRWD 


| 


twes Wwe "own 


—— ~AAt wPB 
WE AN Select J 





| MAX 


fWH 'cAC DH 


t 
Write-Per-Bit High Impedance Data- - High Impedance 
Input/Output res (| bit \| " 


ey 1OEZ 
tRac 
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NEC caer 
262,144 x 4-Bit 


NEC Electronics Inc. Dynamic CMOS RAM 


Description Pin Configurations 


The uPD424268 is a 262,144 by 4-bit dynamic RAM 
designed with a write-per-bit option to operate from a 
single + 5-volt power supply. Advanced polycide tech- 
nology using trench capacitors minimizes silicon area 
and provides high storage cell capacity, high perfor- 
mance, and high reliability. A single-transistor dynamic 
storage cell and CMOS circuitry throughout ensure 
minimum power dissipation, while an on-chip circuit 
internally generates the negative-voltage substrate 
bias—automatically and transparently. 


20-Pin Plastic DIP 


uPD424268 


The three-state I/O pins are controlled by CS indepen- 
dent of RAS. After a valid read or read-modify-write @3YL-7286A 
cycle, data is held on the outputs by maintaining cs 
low. Data outputs return to high impedance when CS 
goes high. Static-column read and write cycles can be 
executed by switching the column address inputs. 


Refreshing may be accomplished by means of a CS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 512 address combinations of Ag 
through Ag during an 8-ms refresh period. 





pPD424268 


Features 


262,144 by 4-bit organization 

Single + 5-volt power supply 
Write-per-bit option 

Static-column option 

Low power dissipation 

CS before RAS internal refreshing 
Multiplexed address inputs 

On-chip substrate bias generator 
TTL-compatible inputs and outputs 
Nonlatched, three-state outputs 
Low input capacitance 

512 refresh cycles every 8ms 
High-density 20-pin plastic DIP, 26/20-pin plastic 
SOu, or 20-pin plastic ZIP packaging 
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Pin Identification 


Name Function 

Ao - Ag Address inputs 

04 -VO4 Data inputs and outputs 
cs Chip select 

OE Output enable 

RAS Row address strobe 

WE Write enable 

GND _ Ground 

Voc +5-volt power supply 
NC No connection 


Capacitance 
Ta = 25°C; f = 1MHz 


Parameter Symbol Max Unit 

Input capacitance Ci 5 pF 
Ciro 7 pF. 

Inputfoutput capacitance Cp 7 pF 


Ordering Information 


Part Number RAS Access Time (max) 
pPD424268C-60 60 ns 
C-70 70 ns 
C-80 80 ns 
C-10 100 ns 
uPD424268LA-60 60 ns 
LA-70 70 ns 
LA-80 80 ns 
LA-10 100 ns 
wPD424268V-60 60 ns 
V-70 70 ns 
V-80 80 ns 
V-10 100 ns 


Pins Under Test 
Addresses 

RAS, CS, WE, OE 
O04 -WO4 


R/W Cycle Time (max) 
120 ns 
130 ns 
160 ns 
190 ns 
120 ns 
130 ns 
160 ns 
190 ns 
120 ns 
130 ns 
160 ns 
190 ns 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc +10 #V 
Input voltage, low Vit -1.0 08 V 
Supply voltage Voc 45 5.0 5.5 V 
Ambient temperature Ta, 0 70 °C 


Absolute Maximum Ratings 


Voltage on any pin relative to GND, Vy -1.0 to +7.0V 
Operating temperature, Topr Oto +70°C 
Storage temperature, Tstg -55 to +125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Static-Column Cycle (max) Package 
35 ns 20-pin plastic DIP 
40 ns 
45 ns 
55 ns 
35 ns 26/20-pin plastic SOJ 
40 ns 
45 ns 
55 ns : 
35 ns 20-pin plastic ZIP 
40 ns 
45 ns 
55 ns 
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Block Diagram 


RAS Clock 
Generator - 


CS Before RAS 


GS Clock 
Generator 


‘ Column Decoder 
Sense Amplifier 


Memory Array 


Address Buffer 
Row Decoder 





DC Characteristics 
Ta = 0 tO +70°C; Vog = +5.0 +10% 


pPD424268 


WE Clock 
Generator 
OE Clock 
Generator 


Data I/O Bus 


Data-in 
Buffer 


Data-out 
Buffer 
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Parameter Symbol Min 
Standby current loce 
Input leakage current Ny -10 
Output leakage current low) -10 
Output voltage, low VoL 
Output voltage, high Vou 2.4 
AC Characteristics 
Ta = Oto +70°C; Vog = +5.0V 10% 

-60 
Parameter Symbol Min Max 
Operating current, Ioc1 90 
average 
Operating current, loos 90 
RAS-only refresh cycle, 
average 
Operating current, loca 80: 


static-column cycle, 
average 


Typ 


-70 
Min Max 
80 


80 


70 


Max 
2.0 
1.0 
10 
10 
0.4 
~80 
Min Max 
70 
70 
60 


Unit Test Conditions 
mA RAS = Viy (min); lo = OMA 
mA RAS = CS = Voc -0.2V; lo = OMA 
pA Vin = 0 V to Voc; all other pins 
not under test = OV 
pA Dout disabled; Vour = OV to Voc 
Vv lo, = 4.2mA 
Vv lon = -S mA 
-10 
Min Max Unit ‘Test Conditions 
60 mA RAS, CS cycling; 
tro = tac min (Note 5) 
60 mA = RAS cycling; CS = Vy; 
tac = tac min (Note 5) 
50 mA RAS = CS = Viz; trsc 


= tasc min or twsc = 
twsc min (Note 5) 
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AC Characteristics (cont) 





~-60 -70 ~80 -10 
Parameter Symbol Min Max Min Max Min Max Min Max _ Unit Test Conditions 
Operating current, locos 90 80 70 60 mA RAS cycling; tao = tro 
CS before RAS refresh . min (Note 5) 
cycle, average 
Access time from taa 30 35 40 50 ns (Notes 7, 10) 
column address 
Column address hold taH 15 15 15 15 ns 
time referenced to RAS 
(rising edge) 
Column address tasc 0 0 ce) 0 ns 
setup time 
Row address setup time tasr 0 Oo - 0 0 ns 
Column address to WE tawp 50 55 65 80 ns _—_ (Note 17) 
delay time 
Access time from CS toac 20 20 20 25 ns _—_ (Notes 7, 9, 10) 
(falling edge) 
Column address hold toaH 15 17 20 20 ns 
time 
CS hold time for CS tcHR 15 15 15 20 ns 
before RAS refresh cycle 
CS precharge time top 10 10 10 10 ns 
CS to RAS precharge torp 10 10 10 10 ns (Note 13) 
time 
CS pulse width tes 20 10,000 20 10,000 20 10,000 25 10,000 ns 
CS hold time tosH 60 70 80 100 ns 
CS setup time for CS tosr 10 10 10 10 ns 
before RAS refresh cycle 
CS to WE delay tewo 40 40 45 55 ns (Note 17) 
Write command to tow 15 15 20 20 ns 
CS lead time 
Data-in hold time ton 15 15 20 20 ns (Note 16) 
Data-in setup time tos 0 0 0 0 ns (Note 16) 
Access time from OE toEA 20 20 20 25 ns —_—_ (Note 7) 
OE data delay time toED 15 15 20 25 ns 
OE command hold time toEH 0 ft) 0 4) ns 
OE to RAS inactive setup tog 0 0 0) 0 ns 
time 
Output turnoff delay from — toez 0 15 0 15 0 20 0 25 ns (Note 11) 
OE 
Output buffer turnoff torr 0 15 0 15 0 20 e) 25 ns (Note 11) 
delay 
Output hold time from tou 5 5 5 5 ns 
address 
Output enable time from tow 25 25 25 25 ns (Note 7) 
WE : 
Access time from WE tpwa 60 70 80 100 ns (Notes 7, 18) 
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AC Characteristics (cont) 














-60 -70 ~80 “10 
Parameter Symbol Min Max Min Max Min Max Min Max_ Unit Test Conditions 
Column address hold tpwH 60 70 80 100 ns 
time referenced to WE 
Access time from RAS trac 60 70 80 100 ns (Notes 7, 8) 
RAS to column address trap 15 30 15 35 17 40 17 50 ns (Note 10) 
delay time 
Row address hold time tRaH 10 10 12 12 ns 
Column address lead tRAL 30 35 40 50 ns 
time referenced to RAS 
(rising edge) 
RAS pulse width tras 60 10,000 70 = 10,000 80 10,000 100 10,000 ns 
RAS pulse width, tRasc 60 100,000 70 100,000 80 100,000 100 100,000 ns 
static-column cycle 
Random read or write tro 120 130 160 190 ns (Note 6) 
cycle time 
RAS to CS delay time trop 20 40 20 50 25 60 25 75 ns _—_ (Note 12) 
Read command holdtime — tracy 0 0 0 0 ns (Note 14) 
referenced to CS 
Read command trcs 0 0 0 0 ns 
setup time 
Refresh period tREF 8 8 8 8 ms Addresses Ag - Ag 
RAS precharge time trp 50 50 70 80 ns 
RAS precharge CS treo 10 10 10 10 ns 
hold time 
Read command holdtime = tary 10 10 10 10 ns (Note 14) 
referenced to RAS ; 
Static-column read cycle tasc 35 40 45 55 ns (Note 6) 
time 
RAS hold time trsH 20 20 20 25 ns 
RAS to second WE delay _— trgw 75 85 95 115 ns 
time 
Read-write cycle time tawe 165 175 215 255 ns (Note 6) 
RAS to WE delay trwp 80 90 105 130 ns —_—_ (Note 17) 
Write command to tRWL 20 20 25 30 ns 
RAS lead time 
Static-column read- tawse 85 95 110 135 ns (Note 6) 
modify-write cycle time 
Rise and fall ty 3 50 3 50 3 50 3 50 ns (Note 4) 
transition time 
WE to column address tWAD 20 30 22 35 25 40 25 50 ns (Note 18) 
delay time 
Write-per-bit hold time twsBH 10 10 10 10 ns 
Write-per-bit setup time twes 0 Oo 0 0 ns 
Write command twoH 15 15 15 20 ns 
hold time 
Write command twos ie) 0 0 0 ns (Note 17) 


setup time 
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AC Characteristics (cont) 
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~-60 : =70 -80 -10 
Parameter: Symbol Min Max Min Max Min Max Min Max _ Unit Test Conditions 
Write-per-bit mask data twH 10 10 10 10 ns 
hold time 
Write-per-bit mask data tws 0 0 0 0 ns 
setup time 
Write invalid time tw 10 10 10 10 ns 
Write command twp 15 15 15 20 ns (Note 15) 
pulse width 
Static-column write cycle twsc 35 40 45 55 ns (Note 6) 
time 
Notes: 


(1) All voltages are referenced to GND. 


(2) Aninitial pause of 100 us is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 


(8) AC measurements assume ty = 5ns. 


(4) Vin, (min) and Vi. (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vic. 


(5) Ioc1, loca: loca, and Iocs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loca is measured assuming that all column address inputs are 
switched only once during each static-column cycle. 


(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 

(7) Load = 2TTL (-1 mA, +4 mA) loads and 100 pF (Voy = 2.4V, 
VoL = 0.4V). 

(8) Assumes that taco = tacp (max) and trap s trap (max). If 
tacp OF trap is greater than the maximum recommended value 
in this table, tpac increases by the amount that tacp or trap 
exceeds the value shown. 


(9) Assumes that tacp = trop (max) and trap S trap (max). 
(10) IftRap 2 tRap (max), then the access time is defined by ta. 
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(11) togg (max) and togz (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to Voy 
or VoL- 


(12) Operation within the tacp (max) limit assures that taac (max) 
can be met. tacp (max) is specified as a reference point only; if 
tacp is greater than tacp (max), then access time is controlled 
exclusively by tcac, taa; OF toga: 


(13) The tcorp requirement should be applicable for RAS/CS cycles 
preceded by any cycle. 


(14) Either tray or troy must be satisfied for a read cycle. 


(15) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twos and twor must be met. 


(16) These parameters are referenced to the falling edge of CS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


(17) twos; tawp; tcwp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. lf twos = twos 
(min), the cycle is an early write cycle and the data i/O pins will 
remain open-circuit throughout the entire cycle. lftcwp = tcwpo 
(min), tawp 2 trawo (min), and tawp = tawp (min), the cycle is 
a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data 1/O pins (at access time and until CS 
returns to Vj}) is indeterminate. 


(18) Iftwap <= twap (max), then the access time is defined by tpwa. 
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Write-Per-Bit Option 


The write-per-bit option may be used to allow a write 
cycle to change any number of bits in the 4-bit word. The 
mask is loaded from the four !/O lines at the falling edge 
of RAS if WE=Vj,. If the I/O line is high, then the 
corresponding bit will be written when the write cycle 
executes. If an I/O line is low, the corresponding bit does 
not change. A mask loaded during static-column opera- 
tion will remain set and active for each write cycle that 
executes while RAS remains low. The mask may be 
changed at the falling edge of RAS only. 


Comparison of Write-Per-Bit Cycle Versus Standard 4-Bit Write Cycle 





Write-Per-Bit 
Cycle 


Normal 4-bit 
Write Cycle 


Mask Data Write Operation 
1 (High) Write Bit 
(i 


ea 
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Timing Waveforms 


Read Cycle 


Address 


Input/Output 
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High Impedance 
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High Impedance 
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Timing Waveforms (cont) 


Early Write Cycle 





Address 


Try VY V\YY\VY\_\Y_Y_yyy_y’ yY Vv \y _Yv’\y_yY¥_VY_¥Y _ h¥V 







Write-Per-Bit 
Mask Select 





Input/Output 






NT SE SD SP SS NPS «SY Se oD 2 4 A 2s A 





[1] OE = don't care. 
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Timing Waveforms (cont) 


Late Write Cycle 


Bh ee MMU LLL LLL 


'OEH 


= TTT [AMM 


tws tWH toeD 'DH 


rewcoon 7/)K Nese Rome NY 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


YV ¥Y 
Address 


| 
> | hes as pale 
tWBS {#0 . 
| 
“TERE "mm. 
TAA 
| 





tOEH 


( Data-out 


tOED 
tws tWH 'CAC. > e- tDS 
Write-Per-Bit High Impedance Valid cA) 
puro High ( Mask Select ) ? QO 


Impedance 
a tRAC 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tRP 
tcrRP tRPC 


a AAI 


Z High Impedance 
‘Input/Output 


Note: 
(1] WE = OE = don't care. 





CS Before RAS Refresh Cycle 


AUN 


High Impedance 
Input/Output 


Note: 
[1] WE = OE = don't care. 
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Timing Waveforms (cont) 


Hidden Retresh Cycle 


tcRP 


a ///f 


tasc 
tRAH 
taSR TRAD | oe taH 


ees! | | 'RRH 





Input/Output 
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Timing Waveforms (cont) 


Static-Column Read Cycle 


Address 


Input/Output OOK 
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Timing Waveforms (cont) 


Static-Column Early Write Cycle 








A 


tRAD , tasc 











tASR tcaH tasc | tcAH tASC tCAH 





X) en XXX) XXX) sam NAKKKKRKRKERARKY 
nasross XXL Row KN counn  KXAXXAK cota IOXXMXMNE _cotmn KOKA 
| | cree eeeeiae twsc | 

twos twos 









tWCH 
twoH —>| 
twi 


tWBH 












twBs twp Ean twp twp 
— X) Write-Per-Bit 
WE OK Enable/Disable } } NN : j ' 
ah ee 
tws tWH tos tDH ANE 
tps tDH tps tDH 





ronoom RTRSY =o KI = ER om _ KR 
fgizees Saas 'RSw neem 
Note: 


[1] OE = don't care. 
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Timing Waveforms (cont) 


Static-Column Read-Write/Read-Modify-Write Cycle 


t ae tPWH 


~ 


Address 


— A / ( Write-Per-Bit h 
{\ Enable/Disable 


twBs tres 


High Impedance 
Input/Output gh Imp 


n Write-Per-Bit ‘} High pee) Data 
Mask Select out 
le thc el 


‘co 


tOEZ 
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TCWL 


Data- 
eis 


) 


ss! 'OEZ 


'RWL 


Ms 


| MA 


tDH 


High Impedance 
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NEC pPD424100 
4,194,304 x 1-Bit 


NEC Electronics Inc. Dynamic CMOS RAM 


Description Pin Configurations 


The uPD424100 is a fast-page dynamic RAM organized _pi : 

as 4,194,304 words by 1 bit and designed to operate 20/20 ein Plastic 2 Ot 
from asingle + 5-volt power supply. Advanced polycide 
technology using trench capacitors minimizes silicon 
area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor 
dynamic storage cell and advanced CMOS circuitry 
throughout ensure minimum power dissipation, while 
an on-chip circuit internally generates the negative- 
voltage substrate bias—automatically and transpar- 
ently. 


pPD424100 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output is returned to high impedance by BSIH-5693A 
returning CAS high. Fast-page read and write cycles 

can be executed by cycling CAS. 20-Pin Plastic ZIP 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing can also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1024 address combinations of Ap 
through Ag during a 16-ms refresh period. 





Features 


4,194,304-word by 1-bit organization 
Single + 5-volt +10% power supply piesa 
Fast-page option 

Low power dissipation 

CAS before RAS refresh cycles 

Multiplexed address inputs 

On-chip substrate bias generator 

Nonlatched, three-state outputs 

Low input capacitance 

TTL-compatible inputs and outputs 

1024 refresh cycles every 16 ms 

26/20-pin SOU or 20-pin plastic ZIP packaging 
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Pin Identification 


Name ’ Function 

Ao - Ato Address inputs 

CAS Column address strobe 
Din Data input 

Dout Data output 

RAS Row address strobe 
WE Write enable 

GND Ground 

Voc +5-volt power supply 
NC No connection 


Ordering Information 
Row Access R/W Cycle Fast-Page 





Time Time Cycle 
Part Number (max) (min) {min) Package 
pPD424100LB-70 70 ns 140 ns 45ns 26/20-pin 
plastic 
LB-80 80 ns 160 ns 50 ns SOJ 
LB-10 100 ns 190 ns 60 ns 
sPD424100V-70 70 ns 140 ns 45ns  20-pin 
V-80 80 ns 160 ns 50 ns pase Zip 
V-10 100 ns 190 ns 60 ns 
Notes: 


(1) Contact your NEC sales representative for data sheet and prod- 
uct availability for the wPD424100LB-70 and »PD424100V-70. 
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Absolute Maximum Ratings 


Voltage on any pin relative to GND -1.0 to +7.0V 
Operating temperature, Topp 0 to +70°C 
Storage temperature, Tstg -55 to + 125°C 
Short-circuit output current, los . 50 mA 
Power dissipation, Pp 1.0 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 Vv 
Input voltage, low ViL -1.0 0.8 Vv 
Supply voltage Voc 45 5.0 5.5 Vv 
Ambient temperature Ty 0 70 °C 
Capacitance © 
Ta = 25°C; f = 1 MHz 
Parameter Symbol Max Unit Pins Under Test 
Input capacitance Ci to pF Address, Din 

Cio 7 pF RAS, CAS, WE 
Output capacitance Co 7 pF Dout 
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DC Characteristics 
Ta = Oto +70°C; Voc = +5.0 V 10% 





Parameter Symbol Min Max Unit Test Conditions 
Standby current Ioce2 2.0 mA RAS = CAS = Vy (min) 

1.0 mA RAS = CAS = Voc -0.2V 
Input leakage current hw -10 10 pA Vin = 0 V to Voc; 

all other pins not under test = 0 V 

Output leakage current low) -10 10 pA Dour disabled; Voyt = 0 V to Voo 
Output voltage, low VoL 0.4 Vv lo. = 4.2 mA 
Output voltage, high Vou 2.4 Vv loy = -5 MA 


AC Characteristics 
Ta = Oto +70°C; Voc = +5.0 V 410% 


pPD424100-80 »PD424100-10 


Parameter Symbol Min Max Min Max Unit Test Conditions 

Operating current, average loc 90 80 mA RAS and CAS cycling; tac = 
tac min; lo = 0 mA (Note 5) 

Operating current, RAS-only refresh loc 90 80 mA RAS cycling; CAS = Vix; 

cycle, average tac = trac min; lo = OMA 
(Note 5) 

Operating current, fast-page cycle, — Igga 70 60 mA — RAS s V,,; CAS cycling; 

average tpc = tpc min; lo = OMA 
(Note 5) 

Operating current, CAS before RAS locs 90 80 mA RAS cycling; CAS before RAS; 

refresh cycle, average tac = tac min; lo = OMA 

(Note 5) 

Access time from column address taa 40 50 ns (Notes 7, 9) 

Access time from CAS precharge tacp 45 55 ns (Notes 7, 9) 

(rising edge) 

Column address setup time tasc 0 0 ns 

Row address setup time tasr 0 0 ns 

Column address to WE delay time tawp 40 50 ns (Note 16) 

Access time from CAS (falling edge) tcac 20 25 ns (Notes 7, 9) 

Column address hold time toaH 15 20 ns 

CAS pulse width tcas 20 10,000 25 10,000 ns 

CAS hold time for CAS before RAS tour 15 20 ns 

refresh cycle 

CAS to output in low impedance tcLz 0 0 ns (Note 7) 

CAS precharge time, fast-page cycle tcp 10 10 ns 

CAS precharge time, nonpage cycle topn 10 10 ns 

CAS to RAS precharge time torp 10 10 ns (Note 12) 

CAS hold time tosu 80 100 ns 

CAS setup time for CAS before RAS tcsr 10 10 ns 

refresh cycle 

CAS to WE delay tcowo 20 25 ns (Note 16) 

Write command to CAS lead time tow. 15 20 ns 

Data-in hold time tox 15 20 ns (Note 15) 
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AC Characteristics (cont) 


Parameter 

Data-in setup time 

Output buffer turnoff delay 

Fast-page cycle time 

Fast-page read-modify-write cycle time 
Access time from RAS 

RAS to column address delay time 
Row address hold time 


Column address lead time referenced 
to RAS (rising edge) 


RAS pulse width 

RAS pulse width, fast-page cycle 
Random read or write cycle time 
RAS to CAS delay time 


Read command hold time referenced 
to CAS 


Read command setup time 
Refresh period 

RAS precharge time 

RAS precharge CAS hold time 


Read command hold time referenced 
to RAS 


RAS hold time 

Read-write cycle time 

RAS to WE delay 

-Write command to RAS lead time 
Rise and fall transition time 
Write command hold time 

Write command setup time 

WE hold time 

Write command pulse width 

WE setup time 


Symbol 
tos 
torr 
tpc 
tPRWC 
trac 
tRAD 
tRAH 
tRAL 


thas 
tRasp 
tac 
trop 
tRCH 


trcs 
ther 
trp 

trpc 
taRH 


tRsH 
trwc 
tawp 
taWL 
tr 
tWCH 
twcs 
tWHR 
twp 
twsr 
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Min Max 
0 
0 20 
50 
80 


17 40 
12 
40 


80 10,000 
80 125,000 
160 

25 60 


16 
70 
10 
10 


20 

185 

80 

20 
3 50 
15 


15 
1 
10 
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Min Max 


0 
0 25 
60 
95 
100 
17 50 
12 
50 


100 10,000 
100 125,000 
190 

25 75 


16 
80 
10 
10 


25 
220 
100 

25 


20 


20 


20 
10 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 
ns 


ns 


ns 
ms 
ns 
ns 
ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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Test Conditions 
(Note 15) 

(Note 10) 

(Note 6) 

(Note 6) 

(Notes 7, 8) 
(Note 9) 


(Note 6) 
(Note 11) 
(Note 13) 


Addresses Ag - Ag 





(Note 13) 


(Note 6) 
(Note 16) 


(Note 3) 


(Note 16) 


(Note 14) 
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NEC 





Notes: 
(1) All voltages are referenced to GND. 


(2) Aninitial pause of 100 us is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE = Vin to ensure normal! 
operation. 


(3) AC measurements assume ty = 5ns. 


(4) Vin (min) and Vi_ (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vi. 


(5) Ioc1 loca; loca, and Iocs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loca is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(6) The minimum specifications are used only to indicate the cycle . 


time at which proper operation over the full temperature range 
(Ta = Oto +70°C) is assured. 

(7) Load = 2TTL (-1 mA, 5a mA) loads and.100 pF (Voy = 2.0 V, 
Voi = 0.8 V). 

(8) Assumes that tacp = a (max) and trap S trap (ma). If 
tacp Or trap is greater than the maximum recommended value 


in this table, taac increases by the amount that tacp or trap 
exceeds the value shown. 


(9) Iftaap 2 trap (max), then the access time is defined by taa. 


(10) tore (max) defines the time at which the output achieves the 
open-circuit condition an is not referenced to Voy or VoL. 
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(11) Operation within the tacp (max) limit assures that-taac (max) 
can be met. tacp (max) is specified as a reference point only; if 
tacp is greater than tacp (max), then access time is controlled 
exclusively by tcac. 


(12) The tcrp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(13) Either tany or trop must be satisfied for a read cycle. 


(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twos and twoH must be met. 


(15) These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


(16) twos; tawo, tcwo, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If towp = tcwp 
(min), tawp 2 trwp (min), and tawp 2 tawp (min), the cycle is 
a read-write cycle and the data output will contain data read from 
the selected cell. If neither of the above conditions is met, the 
condition of the data output pin (at access time and until CAS 
returns to Vij) is indeterminate. 


(17) A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at V\_. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. Itis therefore 
recommended that while WE is held at Vj, either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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NEC PD424100 


Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


High Impedance 


Note: 
[1] Address = don't care. 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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NEC pPD424101 
4,194,304 x 1-Bit 


NEC Electronics Inc. Dynamic CMOS RAM 


Description Pin Configurations 


The uPD424101 is a nibble mode dynamic RAM orga- 
nized as 4,194,304 words by 1 bit and designed to 
operate from a single + 5-volt power supply. Advanced 
polycide technology using trench capacitors minimizes 
silicon area and provides high storage cell capacity, 
high performance, and high reliability. A  single- 
transistor dynamic storage cell and advanced CMOS 
circuitry throughout ensure minimum power dissipa- 
tion, while an on-chip circuit internally generates the 
negative-voltage substrate bias—automatically and 
transparently. 


26/20-Pin Plastic SOJ 


wPD424101 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output is returned to high impedance by elasccrate 
returning CAS high. Nibble mode read and write cycles 

can be executed by cycling CAS. 20-Pin Plastic ZIP 





Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing can also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1024 address combinations of Ao 
through Ag during a 16-ms refresh period. 


Features 


4,194,304-word by 1-bit organization 
Single + 5-volt +10% power supply —— 
Nibble mode option 

Low power dissipation 

CAS before RAS refresh cycles 

Multiplexed address inputs 

On-chip substrate bias generator 

Nonlatched, three-state outputs 

Low input capacitance 

TTL-compatible inputs and outputs 

1024 refresh cycles every 16 ms 

26/20-pin SOU or 20-pin plastic ZIP packaging 
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60095 New speeds (60 and 70 ns) and packages (TSOP and 300-mi! SOJ) will be available in 1991. 6-167 
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Pin Identification 


Name Function 

Ao - Ato Address inputs 

CAS Column address strobe 
Din Data input 

Dout Data output 

RAS Row address strobe 
WE Write enable 

GND Ground 

Voc +5-volt power supply 
NC No connection 


Ordering Information 
Row Access R/WCycle Nibble 


Time Time Cycle 
Part Number {max) (min) (min) Package 
pPD424101LB-70 70 ns 140 ns 40ns 26/20-pin 
LB-80 80ns 160ns 40 ns ba 
LB-10 100 ns 190 ns 45 ns 
u.PD424101V-70 70 ns 140 ns 40ns 20-pin 
V-80 80 ns 160 ns 40 ns ede a 
V-10 100 ns 190 ns 45 ns 
Notes: 


(1) Contact your NEC sales representative for data sheet and prod- 
uct availability of the 4PD424101-70. 
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Absolute Maximum Ratings 


Voltage on any pin relative to GND, Vr -1.0 to +7.0V 
Operating temperature, Topa 0 to +70°C 
Storage temperature, Tstq ~55 to + 125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 1.0W 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min .Typ Max Unit 
Input voltage, high = Vi, 2.4 Voc +10 V 
Input voltage, low Vit ~1.0 0.8 Vv 
Supply voltage Voc 45 65.0 5.5 Vv 
Ambient temperature Ty 0 70 °C 
Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol Max Unit Pins Under Test 
Input capacitance Cr 5 pF = ‘Address, Diy 

Cro 7 pF RAS, CAS, WE 
Output capacitance Co 7 pF Dout 
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DC Characteristics 
Ta = Oto +70°C; Voc = +5.0V +10% 


Parameter Symbol 
Standby current Ioce2 
Input leakage current ho 
Output leakage current low 
Output voltage, low VoL 
Output voltage, high Vou 


AC Characteristics 
Ta = Oto +70°C; Voc = +5.0 V +10% 


Parameter 


Operating current, average 


Operating current, RAS-only refresh 
cycle, average 


Operating current, average, nibble 
mode 


Operating current, CAS before RAS 
refresh cycle, average 


Access time from column address 
Column address setup time 

Row address setup time 

Column address to WE delay time 
Access time from CAS (falling edge) 
Column address hold time 

CAS pulse width 


CAS hold time for CAS before RAS 
refresh cycle 


CAS precharge time, non-nibble cycle 
CAS to RAS precharge time 
CAS hold time 


CAS setup time for CAS before RAS 
refresh cycle 


CAS to WE delay 

Write command to CAS lead time 
Data-in hold time 

Data-in setup time 

Nibble mode access time 

CAS pulse width in nibble mode 


Nibble mode cycle time 
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Symbol 


Ioc1 


loca 


loca 


locs 


taa 

tasc 
tasR 
tawD 
tcac 
tcaH 
tcas 
tcHR 


topn 
tcrp 
tcsH 
tcsr 


tcwo 
tow 
ton 
tps 
tNac 
twas 


Min 


-10 


2.4 


Max 
2.0 
1.0 

10 


10 
0.4 


pPD424101-80 


Min 


40 


15 
20 
15 


10 
10 
80 
10 


20 
15 
15 


20 
40 


Max 
90 


90 


70 


40 


20 


10,000 


50 


20 


20 


10 
10 
100 
10 


25 
20 
20 


25 
45 


Unit 
mA 
mA 
pA 


pA 
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Max 
80 


80 


60 


80 


50 


25 


10,000 


25 


Unit 
mA 


mA 


mA 


mA 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 
ns 
ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 


ns 
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Test Conditions 
RAS = CAS = Viyq (min) 
RAS = CAS 2 Voc - 0.2 V 


Vin = 0V to Voc} 
all other pins not under test = 0 V 


Dout disabled; Vout = 0Vto Voc 
lo = 4.2mA 
lon = -5 MA 


Test Conditions 


RAS and CAS cycling; tac = 
trac min; lo = O mA (Note 5) 


RAS cycling; CAS = Vip; 
tac = tac min; lop = OMA 
(Note 5) 


RAS < V,,; CAS cycling; 
tno = tno min; lo = OMA 
(Note 5) 


RAS cycling; CAS before RAS; 
tac = tac min; lo = OmA 
(Note 5) 


(Notes 7, 9) 


(Note 16) 
(Notes 7, 9) 


(Note 12) 


(Note 16) 


(Note 15) 
(Note 15) 
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AC Characteristics (cont) 


Parameter 
CAS to WE delay in nibble mode 


Write command to CAS lead time in 
nibble mode 


CAS precharge time in nibble mode 
RAS hold time for nibble read cycle 
RAS hold time for nibble write cycle 
Output buffer turnoff delay 

Access time from RAS 

RAS to column address delay time 
Row address hold time 


Column address lead time referenced 
to RAS (rising edge) 


RAS pulse width 

RAS pulse width in nibble mode 
Random read or write cycle time 
RAS to CAS delay time 


Read command hold time referenced 
to 


Read command setup time 

Refresh period 

RAS precharge time 

RAS precharge CAS hold time 

Read command hold time referenced 


to RAS 

RAS hold time 

Read-write cycle time 

RAS to WE delay 

Write command to RAS lead time 
Rise and fall transition time 
Write command hold time 
Write command setup time 
WE hold time 

Write command pulse width 
WE setup time 


Symbol 


tncwb 
tNCWL 


tnp 
tNRRSH 
tywRsH 
torr 
trac 
tRAD 
tRAH 
tRAL 


tRas 
tRASP 
tac 
trop 
tRCH 


tacs 
tREF 
trap 

trpc 
tRRH 


tRsH 
tawc 
trwo 
tRWL 
tr 
tWCH 
twcs 
tWHR 
twp 
twsR 


»PD424101-80 


Min Max 


0 20 
80 
17 40 


40 


80 10,000 
80 125,000 
160 

25 60 


16 
70 
10 
10 


20 
185 


3 50 
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Min Max 


25 
25 


10 
25 
25 


100 
17 50 


100 10,000 
100 125,000 
190 

25 75 


80 
10 
10 


25 
220 
100 

25 


20 


20 
10 


Unit 


ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 


ns 
ns 
ns 


ns 


ns 
ns 
ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
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Test Conditions 


(Note 10) 
(Notes 7, 8) 
(Note 9) 


(Note 6) 
(Note 11) 
(Note 13) 





Addresses Ag - Ag 


(Note 13) 


(Note 6) 
(Note 16) 


(Note 3) 


(Note 16) 


(Note 14) 
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Notes: 


(1) 
(2) 


(3) 
(4) 


(6) 


(6) 


(7) 


(8) 


(9) 
(10) 


All voltages are referenced to GND. 


An initial pause of 100 ysis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
tecommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE = Vj, to ensure normal 
operation. 


AC measurements assume ty = 5ns. 


Vin (min) and Vj, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin, and Vic. 


loc1: locos: loca, and Ilocos depend on output loading and cycle 
rates, Specified values are obtained with the output open. Iocg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
Ioc4 is measured assuming that all column address inputs are 
switched only once during each nibble cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto +70°C) is assured. 


Load = 2TTL (-1 mA, +4 mA) loads and 100 pF (Voy = 2.0V, 
VoL = 0.8 V). 

Assumes that tacp = trop (max) and trap < trap (max). If 
tracp OF trap is greater than the maximum recommended value 


in this table, taac increases by the amount that tacp Or trap 
exceeds the value shown. 


If taap 2 tRap (max), then the access time is defined by taa. 


torr (max) defines the time at which the output achieves the 
open-circuit condition an is not referenced to Voy, or VoL. 
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(11) 


(12) 


(13) 


Operation within the tacp (max) limit assures that taac (max) 
can be met. tacp (max) is specified as a reference point only; if 
trop is greater than tacp (max), then access time is controlled 
exclusively by tcac. 


The tcorp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either tany OF tacy must be satisfied for a read cycle. 


(14) Parameter twp is applicable for a delayed write cycle such as a 


(15) 


(16) 


read-write/read-modify-write cycle. For early write operation, 
both twos and two must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twos, trwo, tcwp: and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos 2 twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If tcwp 2 tcwo 
(min), tawp = trawp (min), and tawp 2 tawp (min), the cycle is 
a read-write cycle and the data output will contain data read from 
the selected cell. If neither of the above conditions is met, the 
condition of the data output pin (at access time and until CAS 
returns to Vin) is indeterminate. 


(17) A test mode may be be initiated by executing a GAS before RAS 


refresh cycle with WE held at Vii. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at Vij, either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 
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Timing Waveforms 


Read Cycle 





6-173 


pPD424101 NV E Cc 


Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Late Write Cycle 


Meee ee 
tRSH 
KA 7 7 


taSR tRAD tCWL 
tASC tCAH tRWL 


tRAH 
se EK a 


MILL 


on 





DIN 


831H-5647B 





6-175 


pPD424101 NE Cc 


Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


ee 
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Timing Waveforms (cont) 


Nibble Read Cycle 
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Timing Waveforms (cont) 


Nibble Early Write Cycle 
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Timing Waveforms (cont) 
Nibble Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


High Impedance 


Note: 
[1] Address = don't care. 
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Timing Waveforms (cont) 


Hidden Retresh Cycle 


Memory Cycle CAS Before RAS Cycle CAS Before RAS Cycle 
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NEC pPD424102 
4,194,304 x 1-Bit 


NEC Electronics Inc. Dynamic CMOS RAM 





Description Pin Configurations 


The uPD424102 is a static-column dynamic RAM orga- _pi . 

nized as 4,194,304 words by 1 bit and designed to sofed Pin Festi aw 
operate from a single + 5-volt power supply. Advanced 
polycide technology using trench capacitors minimizes 
silicon area and provides high storage cell capacity, 
high performance, and high reliability. A single- 
transistor dynamic storage cell and advanced CMOS 
circuitry throughout ensure minimum power dissipa- 
tion, while an on-chip circuit internally generates the 
negative-voltage substrate bias—automatically and 
transparently. 


pPD424102 


The three-state output is controlled by CS independent 
of RAS. After a valid read or read-modify-write cycle, 
data is held on the output by holding CS low. The data 
output is returned to high impedance by returning cs 8311-60144 
high. Static-column read and write cycles can be exe- 

cuted by cycling CS. 20-Pin Plastic ZIP 





Refreshing may be accomplished by means of a CS 
before RAS cycle that internally generates the refresh 
address. Refreshing can also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1024 address combinations of Ap 
through Ag during a 16-ms refresh period. 


Features 


4,194,304-word by 1-bit organization 
Single + 5-volt +10% power supply SAIH-6015A 
Static-column option 

Low power dissipation 

CS before RAS refresh cycles 

Multiplexed address inputs 

On-chip substrate bias generator 

Nonlatched, three-state outputs 

Low input capacitance 

TTL-compatible inputs and outputs 

1024 refresh cycles every 16 ms 

26/20-pin SOJ or 20-pin plastic ZIP packaging 
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Pin Identification 


Name 
Ao - Ato 
ts 
Din 
Dout 
RAS 
WE 
GND 


Voc 
NC 


Capacitance 


Function 

Address inputs 

Chip select 

Data input 

Data output 

Row address strobe 
Write enable 

Ground 

+5-volt power supply 


No connection 


Ta = 25°C; f = 1 MHz 


Parameter 


Input capacitance 


Output capacitance 


Symbol Max 
Ci 5 
Cio 7 
Co 7 


Ordering Information 


Part Number 


uPD424102LB-70 
LB-80 
LB-10 
uPD424102V-70 
V-80 
V-10 
Notes: 


Row Access Time (max) 


70 ns 
80 ns 
100 ns 
70 ns 
80 ns 
100 ns 


Pins Under Test 
Address, Diy 
RAS, CS, WE 


Dout 


R/W Cycle Time (min) 


140 ns 
160 ns 
190 ns 
140 ns 
160 ns 
190 ns 


(1) Contact your NEC sales representative for data sheet and prod- 
uct availability of the 4PD424102-70. 
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Recommended Operating Conditions 


Parameter 

Input voltage, high 
Input voltage, low 
Supply voltage 
Ambient temperature 


Symbol Min 
Vin 2.4 
Vib ~1.0 
Voc 4.5 
Ta 0 


Absolute Maximum Ratings 
Voltage on any pin relative to GND 


Operating temperature, Topr 


Storage temperature, Tstg 


Short-circuit output current, log 


Power dissipation, Pp 


Typ Max Unit 
Voc + 1.0 Vv 
0.8 Vv 
5.0 5.5 V 
70 Cc 
-1.0 to +7.0 V 
Oto +70°C 
~55 to +125°C 
50 mA 
1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Static-Column Cycle (min) 


40 ns 
50 ns 
60 ns 
40 ns 
50 ns 
60 ns 


Package 
26/20-pin plastic SOJ 


20-pin plastic ZIP 


Block Diagram 


RAS Clock 
Generator 


CS Before RAS 


Internal Refresh 
Clock 


Refresh Address 
Counter 


Multiplexer 


Address Buffer 


CS Clock 
Generator 


WE Clock 
Generator 


Data /O Bus 
Column Decoder 


Sense Amplifier 


Memory Array 


Row Decoder 





pPD424102 


Data-in 
Buffer 


Data-out 
Buffer 





83IH-6916B 
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DC Characteristics 
Ta = 0 to +70°C; Voc = +5.0 V +10% 











Parameter Symbol Min Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CS = Viy (min) 
1.0 mA RAS = CS = Voc -0.2V 
Input leakage current hwy -10 10 pA Vin = 0 V to Voc; all other pins not under test = 0 V 
Output leakage current low) -10 10 uA Dour disabled; Vout = 0 V to Voc 
Output voltage, low VoL 0.4 Vv lo. = 4.2 mA 
Output voltage, high Vou 2.4 Vv lon = -5 MA 





AC Characteristics 
Ta = Oto +70°C; Voc = +5.0 V +10% 





pPD424100-80 »PD424100-10 





Parameter — Symbol Min Max Min Max Unit Test Conditions 

Operating current, average loci 90 80 mA RAS and CS cycling; tac = tac 
min; lo = 0 mA (Note 5) 

Operating current, RAS-only refresh Ioco3 90 80 mA RAS cycling; CS = Viz; 

cycle, average tac = tac min; lp = OMA 
(Note 5) 

Static column operating current, loca 70 60 mA RAS < Vz; CS cycling; 

average tpc = tpo min; lo = OMA 
(Note 5) 

Operating current, CS before RAS locos 90 80 mA RAS cycling; CS before RAS; 

refresh cycle, average tac = tac min; lo = OMA 
(Note 5) 

Access time from column address taa 40 50 ns (Notes 7, 9) 

Column address hold time referenced tan 15 15 ns 

to RAS (rising edge) 

Column address setup time tasc 0 0 ns 

Row address setup time tasr 0 0 ns 

Column address to WE delay time tawp 40 50 ns (Note 15) 

Access time from CS (falling edge) tcac 20 25 ns (Notes 7, 8, 9) 

Column address hold time tcaH 15 20 ns 

CS hold time for CS before RAS tour 15 20 ns 

refresh cycle 

CS precharge time, static-column top 10 10 ns 

CS precharge time, nonpage cycle topn 10 10 ns 

CS to RAS precharge time tore 10 10 ns (Note 11) 

CS pulse width tcs 20 100,000 25 100,000 ns 

CS hold time tosy 80 100 ns 

C5 setup time for CS before RAS tosr 10 10 ns 

refresh cycle 

CS to WE delay towo 20 25 ns (Note 15) 

Write command to CS lead time towL 15 20 ns 

Data-in hold time tou 15 20 ns (Note 14) 

Data-in setup time tos 0 0 ns (Note 14) 

Output buffer turnoff delay torr 0 20 0 25 ns {Note 10) 
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AC Characteristics (cont) 


Parameter 

Output hold time from address 
Output hold time from WE 
Access time from previous WE 


Column address hold time referenced 
to previous WE 


Access time from RAS 
RAS to column address delay time 
Row address hold time 


Column address lead time referenced 
to RAS (rising edge) 


RAS pulse width 

Static-column RAS pulse width 
Random read or write cycle time 
RAS to CS delay time 


Read command hold time referenced 
to CS 


Read command setup time 
Refresh period 

RAS precharge time 

RAS precharge CS hold time 


Read command hold time referenced 
to RAS 


Read cycle time 

RAS hold time 

RAS to second WE delay time 
Read-write cycle time 

RAS to WE delay 

Write command to RAS lead time 
Static-column read/write cycle time 
Rise and fall transition time 

WE to column address delay time 
Write command hold time 

Write command setup time 

WE hold time 

Write invalid time 

Write command pulse width 
Write cycle time 

WE setup time 


Symbol! 
tou 
toHw 
tpwa 
tpwH 


trac 
trap 
tRaAH 
tRAL 


tras 
tRasc 
tac 
trop 
tRcH 


tacs 
tREF 
tap 
tapc 
tRRH 


tasc 
tRSH 
tasw 
tawc 
trwo 
taWL 
tawsc 


twap 
twcH 
twos 
twurR 
twi 


twsc 
twsrR 


5 
10 


90 


17 
12 
40 


80 
80 
160 
25 


70 
10 
10 


50 
20 
95 
185 
80 
20 
95 


20 
15 


15 
10 
15 
50 
10 


#PD424100-80 
Min 


Max 


90 


80 
40 


10,000 
100,000 


60 


16 


50 
45 


Min 
5 
10 


110 


17 
12 
50 


100 
100 
190 
25 


10 
10 


25 
115 
220 
100 
25 
115 
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Max 


110 


100 
50 


10,000 
100,000 


75 


16 


50 
55 


Unit 


ns 
ns 
ns 


ns 


ns 
ns 
ns 


ns 


ns 


ns 
ns 


ns 


ns 
ms 
ns 
ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
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Test Conditions 


(Note 7, 17) 


(Notes 7, 8) 
(Note 9) 


(Note 6) 
(Note 8) 
(Note 12) 


Addresses Ag - Ag 





(Note 12) 


(Note 6) 
(Note 15) 


(Note 3) 


(Note 17) 


(Note 15) 


(Note 13) 
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Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(7) 


(8) 


(9) 
(10) 


All voltages are referenced to GND. 


An initial pause of 100 us is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only refresh or a CS before RAS 
refresh cycle be executed while WE = Vj, to ensure normal 


operation. 


AC measurements assume ty = 5ns. 


Vin (min) and Vi, (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vi. 


Ioc1: Ioca: loca, and locos depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iog3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
Ioc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta = Oto +70°C) is assured. 


Load = 2TTL (-1 mA, +4 mA) loads and 100 pF (Voy = 2.0V, 
VoL = 0.8 V). 

Assumes that tacp = tracp (max) and trap = trap (max). If 
taep Or trap is greater than the maximum recommended value 
in this table, trac increases by the amount that tacp or trap 
exceeds the value shown. 

\ftaap = trap (max), then the access time is defined by ta,. 


torr (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to Voy or Vo_- 
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(11) 


The tcrp requirement should be applicable for RAS/CS cycles 
preceded by any cycle. 


(12) Either tarry or tac} must be satisfied for a read cycle, 


(13) Parameter twp is applicable for a delayed write cycle such as a 


read-write/read-modify-write cycle. For early write operation, 
both twcos and two must be met. 


(14) These parameters are referenced to the falling edge of oS for 


(18) 


(16) 


early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twos: tawp: towp: and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos 2 twos 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If tcwp 2 tewp 
(min), tawo 2 tawp (min), and tawp = tawp (min), the cycle is 
a read-write cycle and the data output will contain data read from 
the selected cell. If neither of the above conditions is met, the 
condition of the data output pin (at access time and until CS 
returns to Vj) is indeterminate. 


A test mode may be initiated by executing a CS before RAS 
refresh cycle with WE held at Vi_. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at Vij, either a RAS-only or 
CS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 


(17) Assumes that twap = twap (max). 
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Timing Waveforms 


Read Cycle 









Address Column Address 






High Impedance 





Valid Data 





831H-6917B 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Late Write Cycle 





831H-6919B 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 


CS Before RAS Refresh Cycle 


High Impedance 


Note: 
[1] Address = don't care. 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 






Memory Cycle CS Before RAS Cycle CS Before RAS Cycle 









TOFF J 
High Impedance i 
Valid Data 


831H-6923B 
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Timing Waveforms (cont) 





Static-Column Read Cycle 


High Impedance 


831H-6924B 
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Timing Waveforms (Cont) 


Static-Column Early Write Cycle 


$$ RASS 


tRSW trp 
RAS 


tcsH 'RSH 
tcrP tRCD tcs tcp tcs tCPN 


_ | 
= | \\ yN 
'RAH 






tCAH 
taSR tasc 


| tr 
raves OK atm YK Kits YYYYY, Kins JXKKAAA Sie XOAAAAAAAKANY 
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wes] —twor | | ICWL 
twp twi twp twcs tWCH 


| { \ I | 
= a twsc L eee 








® 





Notes: 
{1} DouT=high Impedance. 
: 831H-6925B 
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Timing Waveforms (cont) 


Static-Column Read-Write/Read-Modify-Write Cycle 


top 
tRcD 


tRwsc 
tasc tCAH 
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NEC pPD424400 
1,048,576 x 4-Bit 


NEC Electronics Inc. Dynamic CMOS RAM 


Description Pin Configurations 


The »PD424400 is a fast-page dynamic RAM organized 
as 1,048,576 words by 4 bits and designed to operate 
from a single +5-volt power supply. Advanced polycide 
technology using trench capacitors minimizes silicon 
area and provides high storage cell capacity, high per- 
formance, and high reliability. A single-transistor dy- 
namic storage cell and CMOS circuitry throughout en- 
sure minimum power dissipation, while an on-chip circuit 
internally generates the negative-voltage substrate 
bias—automatically and transparently. 


26/20-Pin Plastic SOJ 


pPD424400 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write cycle, 
data is held on the outputs by maintaining CAS low. Data 
outputs return to high impedance when CAS goes high. 
Fast-page read and write cycles can be be executed by 
cycling CAS. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1,024 address combinations of Ag 
through Ag during a 16-ms refresh period. 





20-Pin Plastic ZIP 


Features 


1,048,576 by 4-bit organization 
Single +5-volt +10% power supply 
Fast-page option clan 
Low power dissipation 

CAS before RAS refreshing 

Multiplexed address inputs 

On-chip substrate bias generator 

TTL-compatible inputs and outputs 

Nonlatched, three-state outputs 

Low input capacitance 

1024 refresh cycles every 16 ms 

26/20-pin plastic SOJ or 20-pin plastic ZIP 

packaging 
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Pin Identification Absolute Maximum Ratings 

Name Function Voltage on any pin relative to GND -1.0 to +7.0V 
Ao - Ag Address inputs Operating temperature, Topa 0 to +70°C 
WO, - 1/04 Data inputs and outputs Storage temperature, Tstg -55 to +125 °C 
CAS Column address strobe Short-circuit output current, log 50 mA 
OE Output enable Power dissipation, Pp 1.0W 
RAS Row address strobe Exposure to Absolute Maximum Ratings for extended periods may 
WE Write enable affect device reliability; exceeding the ratings could cause permanent 
GND G d damage. The device should be operated within the limits specified 

bead under DC and AC Characteristics. 
Voc +5-volt power supply 


Ordering Information 


Part Number Row Access Time (max) R/W Cycle Time (min) Fast-Page Cycle (min) Package 
#.PD424400LB-70 70 ns 140 ns 45ns 26/20-pin plastic SOJ 
LB-80 80 ns 160 ns 50 ns 
LB-10 100 ns 190 ns 60 ns 
pPD424400V-70 70 ns 140 ns 45 ns 20-pin plastic ZIP _ 
V-80 80 ns 160 ns 50 ns 
V-10 100 ns 190 ns 60 ns 
Notes: 


(1) Contact your NEC sales representative for data sheet and prod- 
uct availability of the 4PD424400-70. 


Block Diagram 
RAS Clock CAS Clock 
Generator Generator 
WE Clock 
Generator 


CAS Before RAS ee! 
OE Clock 
Internal Refresh Generator 
Clock 


Data-in 


Data /O Bus 
Refresh Address 


Comer Column Decoder Data-out 
ee Buffer 
Sense Amplifier 


Memory Array 


Address Buffer 
Row Decoder 


e*eee#eee#e¢ 





83/H-5691B 


6-200 


N: KE Cc pPD424400 




















Recommended Operating Conditions Capacitance 
Parameter _—‘Symbol_‘Min Typ Max une TA 25°Ci1 = 1 MHz 
input voltage, high Vy 24 ~=Sdo Voc + 10.—OV~ Parameter Symbol Max Unit Pins Under Test 
input voltage, low Vy 10—té‘<itsézt B!”*«S:*S Input capacitance Ci 5 pF Addresses 
Supply voltage —~=«Vcg”S=<‘“SOCSOOCSC G27 _pr_ FAS, CAS, WE, OF 
Ambienttemperatue Ta O| 70. °C Input/output capacitance Co 7 pF W/O4-WOg 
DC Characteristics 
Ta = Oto +70°C; Vog = +5.0 £10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loco 2.0 mA RAS = CAS = Viy (min); lo = OMA 
| 1.0 mA RAS = CAS = Voc -0.2V; lo = OMA 
Input leakage current ha) -10 10 BA Vin = 0 V to Voc; all other pins not under test = OV 
Output leakage current low -10 10 pA Dout disabled; Voy7r = OV to Voc 
Output voltage, low VoL 0.4 Vv lo. = 4.2mA 
Output voltage, high Vou 2.4 Vv lon = -5 mA 
AC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10% 
p.PD424400-80 uPD424400-10 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Operating current, average loc 90 80 mA RAS, CAS cycling; 
tac = trac min (Note 5) 
Operating current, RAS-only refresh cycle, Iocs s0 80 mA RAS cycling; CAS = Vix min; 
average tro = trac min (Note 5) 
Operating current, fast-page cycle, average loca 70 60 mA RAS s V;,; CAS cycling; 
tpc = tpc min (Note 5) 
Operating current, CAS before RAS refresh locos 90 80° mA RAS cycling; CAS < Vj, max; 
cycle, average ; trac = trac min (Note 5) 
Access time from column address taa 40 50 ns (Notes 3, 4, 7, 8) 
Access time from CAS precharge (rising edge) — tacp 45 55 ns (Notes 3, 4, 7, 8) 
Column address setup time tasc 0 0 ns . 
Row address setup time tase 0 0 ns — 
Column address to WE delay time tawp 65 80 ns (Note 14) 
Access time from CAS (falling edge) tcac 20 25 ns _ (Notes 3, 4, 7, 8) 
Column address hold time tcaH 15 20 . ns 
TAS pulse width tcoas 20 10,000 25 10,000 ons 
CAS hold time for CAS before RAS refreshing = tcur 15 20 ns 
CAS to output in low-Z tcLz 0 0 ns (Note 4, 7) 
CAS precharge time, fast-page cycle tcp 10 10 ns 
CAS precharge time tcpn 10 10 ns 
CAS to RAS precharge time torp 10 10 ns (Note 10) 
CAS hold time tcsH 80 100 ns 
os setup time for CAS before RAS refresh tcsr 10 10 ns 
cycle 





pPD424400 


AC Characteristics (cont) 
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Parameter Symbol Min Max Min Max Unit Test Conditions 
CAS to WE delay town 45 55 ns _ (Note 14) 

Write command referenced to CAS lead time tow. 15 20 ns 

Data-in hold time toH 15 20 ns (Note 13) 
Data-in setup time tos 0 0 ns (Note 13) 
Access time from OE toga 20 25 ns __ (Notes 3, 4, 7, 8) 
OE data delay time toeD 20 25 ns 

OE command hold time toEH 0 0 ns 

OE to RAS inactive setup time toes 0 0 ns 

Output turnoff delay from OE toez 0 20 0 25 ns _—_ (Note 9) 

Output buffer turnoff delay torr 0 20 0 25 ns _ (Note 9) 

OE to output in low-Z toLz 0 0 ns _—_ (Note 5, 7) 
Fast-page read or write cycle time tpc 50 60 ns (Note 6) 
Fast-page read-modify-write cycle time tpawc 100 120 ns (Note 6) 

Access time from RAS trac 80 100 ns’ (Notes 3, 4, 7, 8) 
RAS to column address delay time trap 17 40 17 50 ns (Note 8) 

Row address hold time traH 12 12 ns 

Column address lead time referenced to RAS tRaL 40 50 ns 

(rising edge) 

RAS pulse width tras 80 10,000 100 10,000 ns 

RAS pulse width, fast-page cycle © tRasp 80 125,000 100 125,000 ns 

Random read or write cycle time trac 160 190 ns (Note 6) 

RAS to CAS delay time trop 25 60 25 75 ns _ (Note 8) 

Read command hold time referenced to CAS tRcH ns (Note 11) 

Read command setup time tacos ns 

Refresh period trer 16 16 ms Address Ag through Ag 
RAS precharge time trap 70 80 ns 

RAS precharge CAS hold time trpc 10 10 ns 

Read command hold time referenced to RAS trrH 10 10 ns (Note 11) 

RAS hold time tRSH 20 25 ns 

Read-modify-write cycle time tawc 210 250 ns (Note 6) 

RAS to WE delay tawp 105 130 ns (Note 14) 

Write command referenced to RAS lead time -tawe 20 25 ns 

Rise and fall transition time tr 3 50 3 50 ns (Note 4) 

Write command hold time twcou 15 20 ns (Note 12) 

Write command setup time twos 0 0 ns (Note 14) 

WE command hold time for twur| 15 20 ns 

CAS before RAS refreshing 

Write command pulse width twp 15 20 ns (Note 12) 

WE command setup time for twsr 10 10 ns 


CAS before RAS refreshing 
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Notes: 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(7) 
(8) 


(9) 


All voltages are referenced to GND. 


An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
tecommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE = Vj} to ensure normal 
operation. 


Ac measurements assume ty = 5 ns. 


Vin (min) and Vi_ (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vi and Vit. 


loc1, locos loca, and Ilocos depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iocg 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
loca is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta=0 to +70 °C) is assured. 


Load = 2 TTL (-1mA, +4mA) loads and 100 pF (VoH=2.0V 
and Vo, =0.8 V). 


lf tacp = tacs (max) and taap <= trap (max) access time is 
defined by taac (max). If taop = tacp (max) access time is 
defined by tcac (max) and if taap = trap (max) access time is 
defined by ta, (max). 


torr (max) and togz (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to Voy 
or VoL: 


(10) 


(11) 
(12) 


(13) 


(14) 


(15) 


The tcrp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


Either tary Or tacy must be satisfied for a read cycle. 


Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcoH must be met. 


These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twos: tawp: tcwp, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data I/O pins will 
remain open-circuit throughout the entire cycle. If tcwp 2 tcwpo 
(min), tawp 2 tawp (min), and tawp = tawp (min), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data I/O pins (at access time and until CAS 
returns to Vj14) is indeterminate. 


Assumes that the test mode has been set. Contact your NEC 
Electronics sales representative for more details. A test mode 
may be initiated by executing a CAS before RAS refresh cycle 
with WE held at V,. This mode also may inadvertantly be 
initiated during power-up because external control of the signal 
lines is very difficult during this period. It is therefore recom- 
mended that while WE is held at Vj}, either a RAS-only or CAS 
before RAS refresh cycle should be executed at any time after 
the end of the initial power-up sequence to ensure normal device 
operation. 
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Timing Waveforms 


Read Cycle 


aan’ 
Address 
: Of ras’ 


Input/Output High Impedance 
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Timing Waveforms (cont) 


Early Write Cycle 






Address 





Note: 
[1] OE = don't care. 





83YL-6978B 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 
RAS-Only Refresh Cycle 


tRP 
IRPC 


WO 


High impedance 
Input/Output 


Notes: 
[1] WE = OE = don't care. 





CAS Before RAS Refresh Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Late Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 
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NEC 


NEC Electronics Inc. 


Description 


The »PD424402 is a static-column dynamic RAM organ- 
ized as 1,048,576 by 4 bits and designed to operate from 
a single +5-volt power supply. Advanced polycide tech- 
nology using trench capacitors minimizes silicon area 
and provides high storage cell capacity, high perfor- 
mance, and high reliability. A single-transistor dynamic 
storage cell and CMOS circuitry throughout ensure 
minimum power dissipation, while an on-chip circuit 
internally generates the negative-voltage substrate bias 
—automatically and transparently. 


The three-state I/O pins are controlled by CS indepen- 
dent of RAS. After a valid read or read-modify-write cycle, 
data is held on the outputs by maintaining CS low. Data 
outputs return to high impedance when CS goes high. 
Static column read and write cycles can be executed by 
cycling CS. 


Refreshing may be accomplished by means of a CS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1,024 address combinations of Ag 
through Ag during a 16-ms refresh: period. 


Features 


1,048,576 by 4-bit organization 
Single +5-volt +10% power supply 
Static-column option 

Low power dissipation 

CS before RAS refreshing 
Multiplexed address inputs 
On-chip substrate bias generator 
TTL-compatible inputs and outputs 
Nonlatched, three-state outputs 
Low input capacitance 

1024 refresh cycles every 16 ms 
26/20-pin plastic SOJ or 20-pin plastic ZIP 
packaging 


gpnoananwnanoaaoaaA no og 


pPD424402 
1,048,576 x 4-Bit 


Dynamic CMOS RAM 


Pin Configurations 


26/20-Pin Plastic SOJ 


20-Pin Plastic ZIP 


pPD424402 


831H-7010A 








Q3IH-7011A 
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Pin Identification 


Name Function 

Ag- Ag Address inputs 

1/04 - VO4 Data inputs and outputs 
cs Column address strobe 
OE Output enable 

RAS Row address strobe 

WE Write enable 

GND . Ground 

Voc +5-volt power supply 


Ordering Information 


NEC 


Absolute Maximum Ratings 


Voltage on any pin relative to GND -1.0 to +7.0V 
Operating temperature, Topr Oto +70°C 
Storage temperature, Tstg -55 to +125 °C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 10W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specifie 
under DC and AC Characteristics. 


Part Number Row Access Time (max) R/W Cycle Time (min) Static-Column Cycle (min) Package 
p.PD424402LB-70 70 ns 140 ns 40 ns 26/20 -pin plastic SOU 
LB-80 80 ns 160 ns 50 ns 
LB-10 100 ns 190 ns 60 ns 
wPD424402V-70 70 ns 140 ns 40 ns 20-pin plastic ZIP 
V-80 80 ns 160 ns 50 ns 
V-10 100 ns 190 ns 60 ns 
Notes: 


(1) Contact your NEC sales representative for data sheet and prod- 
uct availability of the 4PD424402-70. 


Block Diagram 
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Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.4 Voc + 1.0 Vv 
Input voltage, low Vit -1.0 0.8 Vv 
Supply voltage Voc 45 5.0 5.5 Vv 
Ambient temperature Ty 0 70 °C 


DC Characteristics 
Ta = Oto +70°C; Voc = +5.0 +10% 


Parameter Symbol Min | Typ 
Standby current loce 

Input leakage current hw) -10 

Output leakage current low -10 

Output voltage, low VoL 

Output voltage, high Vou 2.4 


AC Characteristics 
Ta = Oto +70°C; Voog = +5.0V + 10% 


pPD424402-80 PD424402-10 


Parameter Symbol Min 
Operating current, average Ioc1 
Operating current, RAS-only refresh cycle, locos 

average 

Operating current, static-column cycle, average loca 
Operating current, CS before RAS refreshing, locs 

average 

Access time from column address tea 

Column address hold time referenced to RAS taH 15 
(rising edge) 

Column address setup time tasc 

Row address setup time tasr 0 
Column address to WE delay time tawp 

Access time from CS (falling edge) tcac 

Column address hold time tCaH 15 
CS hold time for TS before RAS refreshing tour 15 
CS precharge time, static-column cycle tcp 10 
CS precharge time topn 10 
CS to RAS precharge time _ torp 10 
CS. pulse width tos 20 
CS hold time tcosy 80 
CS setup time for CS before RAS refreshing tosr 10 


pPD424402 
Capacitance 
Ta = 25°C; f = 1 MHz 
Parameter Symbol Max Unit Pins Under Test 
Input capacitance Ci 5 pF Addresses 
Cr 7  pF_ RAS, CS, WE, OE 
Input/foutput capacitance Co 7 pF 1/04 - /O4 
Max Unit Test Conditions 
2.0 mA RAS = CS = Vip (min); lo = OMA 
1.0 mA RAS = CS = Voc -0.2V; lo = OMA 
10 pA Vin = 0 V to Voc; all other pins 
not under test = OV 
10 A Dour disabled; Voyt = 0V to Vog 
0.4 Vv lo. = 4.2mA 
Vv lon = -5 mA 


Max Min Max Unit Test Conditions 





90 80 mA _ RAS, CS cycling; 
trac = tac min (Note 5) 
90 80 mA RAS cycling; CS = Vy min; 
trc = trac min (Note 5) 
70 60 mA RAS = Vi; CS cycling; tasc 
= tasc min or twsc = twsc 
min (Note 5) 
90 80 mA RAS cycling; CS < Vy max; 
trac = tac min (Note 5) 
40 50 ns (Notes 3, 4, 7, 8) 
15 ns 
0 ns 
0 ns 
80 ns (Note 15) 
20 25 ns (Notes 3, 4, 7, 8) 
20 ns 
20 ns 
10 ns 
10 ns 
10 ns (Note 11) 
100,000 25 100,000 ns 
100 ns 
10 ns 
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AC Characteristics (cont) 





_pPD424402-80 PD424402-10 











Parameter. Symbol Min Max Min Max Unit Test Conditions 
CS to WE delay . tcwo 45 55 ns (Note 15) 
Write command referenced to CS lead time tow. 15 20 ns 

Data-in hold time tox 15 20 ns (Note 14) 
Data-in setup time tos 0 0 ns (Note 14) 
Access time from OE toga 20 25 ns _ (Notes 3, 4, 7, 8) 
GE data delay time toep 20 25 ns 

OE command hold time | toeH 0 0 ns 

GE to RAS inactive setup time toes () 0 ns 

Output turnoff delay from OF toez 0 20 0 25 ns (Note 10) 
Output buffer turnoff delay torr 0 20 0 25 ns (Note 10) 
Output hold time for address ton 5 5 ns 

Output enable time from WE tow 25 30 ns 

Access time from WE tpwa : 90 110 ns (Notes 7, 16) 
Column address hold time referenced to WE tpwH 90 110 ns 

Access time from RAS trac 80 100 ns _—_ (Notes 3, 4, 7, 8) 
RAS to column address delay time trap 17 40 17 50 ns _—_ (Note 9) 
Row address hold time tRaH 12 12 ns 

Column address lead time referenced to RAS tRaL 40 50 ns 

(rising edge) 

RAS pulse width tras 80 10,000 100 10,000 ns 

RAS pulse width, static-column cycle trasc 80 100,000 100 100,000 ns 

Random read or write cycle time tac 160 190 ns (Note 6) 
RAS to CS delay time tacp 25 60 25 75 ns _—_ (Note 8) 
Read command hold time referenced to CS tacH 0 0 ns (Note 12) 
Read command setup time tacs 0 0 ns - 

Refresh period trer 16 16 ms Address Ag through Ag 
RAS precharge time trp 70 80 ns 

RAS precharge CS hold time trpc 10 10 ns 

Read command hold time referenced to RAS trarAH 10 10, ns (Note 12) 
Read cycle time trsc ~ 50 60 ns 

RAS hold time tasH 20 25 ns 

RAS to second WE delay time trasw 95 | 115 ns 
Read-modify-write cycle time’ tawc 210 250 ns (Note 6) 
RAS to WE delay * tawo 105 180 ns (Note 15) 
Write command referenced to RAS lead time tawe 20 25 ns 

Read/write cycle time tawsc 120 145 ns 

Rise and fall transition time tr 3 50 3 50 ns (Note 4) 

WE to column address delay time twap 20 45 = 3B 55 ns (Note 16) 
Write command hold time twou 15 20 ns (Note 13) 
Write command setup time twos 0 : 0 ns (Note 15) 
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AC Characteristics (cont) 


pPD424402-80 


pPD424402-10 





Parameter Symbol Min Max Min Max Unit Test Conditions 
WE command hold time for CS before RAS twHr 15 20 ns 
refreshing 
Write invalid time twi 10 10 ns 
Write command pulse width twp 15 20 ns (Note 13) 
Write cycle time twsc 50 60 ns 
WE command setup time for CS before RAS twsr 10 10 ns 
refreshing 
Notes: 
(1) All voltages are referenced to GND. (11) The tcrp requirement should be applicable for RAS/CS cycles 


(2) 


() 
(4 


=o 


(3) 


~ 


(3) 


~— 


(8 


~— 


(9 
(10) 


— 


An initial pause of 100 us is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power up sequence, it is 
recommended that either a RAS-only refresh or a CS before RAS 
refresh cycle be executed while WE = Vj}, to ensure normal 
operation. 


_AC measurements assume ty = 5 ns. 


Vin (min) and Vi_ (max) are reference levels for measuring’the 
timing of input signals. Transition times are measured between 
Ving and Vic. 


Ioc1: loca loca, and logs depend on output loading and cycle 
rates. Specified values are obtained with the output open. Ioc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
Ioc4 is measured assuming that all column address inputs are 
switched only once during each static column cycle. 


The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta=0 to +70 °C) is assured. 


Load = 2 TTL (-1mA, +4mA) loads and 100 pF (VoH=2.0 V 
and Vo, =0.8 V). 

If tacp = exceeds tran max, then tpac will increase by the 
amount tacp exceeds tacp (max). 

Iftaap 2 trap (max), then the access time is defined by ta. 


torr (max) and togz (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to Voy 
or VoL: 


(12) 


preceded by any cycle. 
Either tary OF tacH must be satisfied for a read cycle. 


(18) Parameter twp is applicable for a delayed write cycle such as a 


read-write/read-modify-write cycle. For early write cycles, both 
twos and twoH must be met. 


(14) These parameters are referenced to the falling edge of CS for 


(15) 


(16) 


early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


twos) tawp:.tcwp: and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If twos = twos 
(min), the cycle is an early write cycle and the data I/O pins will 
remain open-circuit throughout the entire cycle. If tgwp = tcwo 
(min), tawp 2 trwp (min), and tawp 2 tawp (min), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data I/O pins (at access time and until CS 
returns to Vi) is indeterminate. 


A test mode may be initiated by executing a CS before RAS 
refresh cycle with WE held at V;,. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at Vj}, either a RAS- only or 
CS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 


(17) Assumes twap = twap (max). 
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Timing Waveforms (cont) 


Early Write Cycle 





Note: 
[1] OE = don't care. 
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Timing Waveforms (cont) 
Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Static-Column Read Cycle 
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Timing Waveforms (cont) 


Static-Column Early Write Cycle 
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Timing Waveforms (cont) 


Static-Column Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 
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NEC pPD424410 
1,048,576 x 4-Bit 


NEC Electronics Inc. Dynamic CMOS RAM 


Description Pin Configurations 


The HPD424410 is a 1,048,576 by 4-bit dynamic RAM 26/20-Pin Plastic SOJ 
designed with a write-per-bit option to operate from a 
single + 5-volt power supply. Advanced polycide tech- 
nology using trench capacitors minimizes silicon area 
and provides high storage cell capacity, high perfor- 
mance, and high reliability. A single-transistor dynamic 
storage cell and CMOS circuitry throughout ensure 
minimum power dissipation, while an on-chip circuit 
internally generates the negative-voltage substrate 
bias—automatically and transparently. 


wPD424410 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 





Refreshing may be accomplished by means of a CAS acu Piss ar. 


before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1,024 address combinations of Ap 
through Ag during a 16-ms refresh period. 


Features 


1,048,576 by 4-bit organization 
Single + 5-volt +10% power supply 
Write-per-bit option celal 
Fast-page option 

Low power dissipation 

CAS before RAS internal refreshing 

Multiplexed address inputs 

On-chip substrate bias generator 

TTL-compatible inputs and outputs 

Nonlatched, three-state outputs 

Low input capacitance 

1024 refresh cycles every 16 ms 

High-density 26/20-pin plastic SOJ or 20-pin plastic 

ZIP packaging 
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Pin Identification 


Name Function 

Ao ~ Ag Address inputs 

VO, - VO, Data inputs and outputs 
CAS Column address strobe _ 
OE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Voc +5-volt power supply 
NC » No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND, V7 - -1.0 to +7.0V 
Operating temperature, Topp Oto +70°C 
Storage temperature, Tst¢ -55 to +125°C 
Short-circuit output current, log 50 mA 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. - ‘ 


Recommended Operating Conditions 





Parameter - Symbol Min Typ Max —— Unit 
Ordering Information Input voltage, high Vin 2.4 Voc + 1.0 Vv 
el a ws Ome input voltage, low Vit -1.0 0.8 Vv 
Part Number (max) (min) (min) Package Supply voltage Voc 45 65.0 5.5 V 
»PD424410LB-70 70 ns 140ns = 45ns —.26/20-pin Ambient temperature Ta 0 70 °C 
LB-80 _80ns eons 50ns_—Plastic | 
ia10‘0one160n8 gone —SSSSCSC*«<C«C CBAC 
#PD424410V-70 70 ns 140 ns 45ns_— 20-pin Parameter Symbol Max Unit Pins Under Test 
V-80 60ns 160. ns 50.ns sini Input capacitance Cit 5 pF Addresses 
V-10 100 ns * 490 ns 60 ns : 7 Cp 7 pF RAS, CAS, WE, OE 
Notes: Input/output capacitance Cp 7 pF 04-104 
(1) Contact your NEC sales representative for data sheet and prod- 
uct availability for the 4PD424410-70. 
DC Characteristics 
Ta = Oto +70°C; Vog = +5.0 +10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = Vin (min); lo = OMA 
1.0 mA RAS = CAS = Voc - 0.2 V; Ilo = OMA 
Input leakage current haw -10 10 pA Vin = 0 V to Veo; all other pins 
not under test = 0V 
Output leakage current loa) -10 10 BA Dour disabled; Voy = OV to Voc 
Output voltage, low VoL 0.4 Vv lot = 4.2mA 
Output voltage, high VoH 2.4 Vv low = -5 mA 
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Block Diagram 
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AC Characteristics 
Ta = Oto +70 °C; Voc = +5.0V + 10% 
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pPD424410-80 pPD424410-10 

Parameter Symbol Min Max Min Max Unit Test Conditions 
Operating current, average loc 90 80 mA __ RAS, CAS cycling; 

tac = tac min (Note 5) 
Operating current, RAS-only refresh loca 90 80 mA RAS cycling; CAS = Vin 
cycle, average min; tac = tac min (Note 5) 
Operating current, fast-page cycle, loca 70 60 mA RAS s V,; CAS cycling; 
average tpc = tpc min (Note 5) 
Operating current, CAS before RAS loos 90 80 mA RAS cycling; CAS = Vi_ 
refresh cycle, average max; tac = tac min 

(Note 5) 
Access time from column address taa 40 50 ns (Notes 3, 4, 7, 8) 
Access time from CAS precharge (rising tacp 45 55 ns (Notes 3, 4, 7, 8) 
edge) 
Column address setup time tasc ns 
Row address setup time tasr ns 
Column address to WE delay time tawo 65 80 ns (Note 14) 
Access time from CAS (falling edge) tcac 20 25 | ns (Notes 3, 4, 7, 8) 
Column address hold time tcaAH 15 20 ns 
CAS pulse width tcas 20 10,000 25 10,000 ns 
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AC Characteristics (cont) 








»PD424410-80 »PD424410-10 
Parameter Symbol Min Max Min Max Unit Test Conditions 
CAS hold time for CAS before RAS tcHR 15 20 ns 
refreshing 
CAS to output active delay time tcLz 0 0 ns (Notes 4, 7) 
CAS precharge time, fast-page cycle top 10 10 ns 
CAS precharge time, nonpage cycle tcopn 10 10 ns 
CAS to RAS precharge time torp 10 10 ns (Note 10) 
CAS hold time tcosu 80 100 ns 
CAS setup time for CAS before RAS tcsr 10 10 ns 
refresh cycle ; 
CAS to WE delay tcwo 45 55 ns (Note 14) 
Write command referenced to CAS lead towL 15 20 ns 
time , 
Data-in hold time tou 15 20 ns (Note 13) 
Data-in setup time tos 0 0 ns (Note 13) 
Access time from OE tOEA 20 25 ns (Notes 3, 4, 7, 8) 
OE data delay time toeD 20 25 ns 
OE command hold time toEH 0 0 ns 
OE to RAS inactive setup time toes 0 0 ns 
Output turnoff delay from OE toEz 0 20 0 25 ns (Note 9) 
Output buffer turnoff delay . torr 0 20 0 25 ns {Note 9) 
OE to output active delay time toLz 0 0 ns (Notes 5, 7) 
Fast-page read or write cycle time tps 50 60 ns (Note 6) 
Fast page read-modify-write cycle time - tpawc 100 120 ns (Note 6) 
Access time from RAS trac 80 100 ns (Notes 3, 4, 7, 8) 
RAS to column address delay time tRAD 17 40 17 50 ns (Note 8) 
Row address hold time tRAH 12 12 ns 
Column address lead time referenced to tRAL 40 50 ns 
RAS (rising edge) 
RAS pulse width tras 80 10,000 100 10,000 ns 
RAS pulse width, fast-page cycle trRasp 80 125,000 100 125,000 ns 
Random tread or write cycle time tac 160 190 ns (Note 6) - 
RAS to CAS delay time tacp 25 60 25 75 ns (Note 8) 
Read command hold time referenced to trRoH 0 0 ns (Note 11) 
CAS 
Read command setup time tacs 0 0 ns 
Refresh period tREF 16 16 ms Address Ap through Ag 
RAS precharge time tap 70 80 ns 
RAS precharge CAS hold time tapc 2. —isd10'— 10 ns 
Read command hold time referenced to tRRH 10 10 ns (Note 11) 
RAS 
RAS hold time tasH 20 25 ns 
Read-modify-write cycle time trawc 210 250 ns (Note 6) 
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AC Characteristics (cont) 
uPD424410-80 uPD424410-10 

Parameter Symbol Min Max Min Max Unit Test Conditions 

RAS to WE delay tawo 105 130 ns (Note 14) 

Write command referenced to RAS lead tawe 20 25 ns 

time 

Rise and fall transition time tr 3 50 3 - 50 ns (Note 3) 

Write-per-bit hold time twBH 15 20 ns 

Write-per-bit setup time twes 10 10 ns 

Write command hold time twon 15 20 ns (Note 12) 

Write command setup time twos 0 0 ns {Note 14) 

Write-per-bit mask data hold time twu 15 20 ns 

WE command hold time for CAS before twHr 15 20 ns 

RAS refreshing 

Write command pulse width twp 15 20 ns (Note 12) 

Write-per-bit mask data setup time tws 10 10 ns 

WE command setup time for CAS before twsr 10 10 ns 

RAS refreshing 

Notes: 

(1) All voltages are referenced to GND. (10) The tcrp requirement should be applicable for RAS/CAS cycles 

receded by any cycle. 

(2) An initial pause of 100 us is required after power-up, followed by E see oe 
any eight RAS cycles, before proper device operation is (11) Either tany or tacy Must be satisfied for a read cycle. 
achieved, At the end of the initial power-up sequence, either a (12) Parameter twp is applicable for a delayed write cycle such as a 
RAS- -only or CAS before RAS refresh cycle should be executed read-write/read-modify-write cycle. For early write cycles, both 
while WE = Vj to ensure normal operation. twos and two must be met. 

(3) Ac measurements assume ty = 5 ns. (13) These parameters are referenced to the falling edge of CAS for 

(4) Vi (min) and Vy, (max) are reference levels for measuring the early write cycles and to the falling edge of WE for delayed write 
timing of input signals. Transition times are measured between or read-modify-write cycles. 
Vin, and Vi. (14) twos; tawp, tcwp, and tawp are restrictive operating parame- 

(5) lect loos: loca: and loos depend on output loading and cycle . ters.in read-write/read-modify-write cycles only. lf twos = twcs 
rates. Specified values are obtained with the output open. Ioc3 (min); the cycle is an early write cycle and the data I/O pins will 
is measured assuming that all column address inputs are held at remain open-circuit throughout the entire cycle. If tcwp = tcwo 
either a high level or a low level during RAS-only refresh cycles. (min), tawo = tawp (min), and tawp = tawp (min), then the cycle 
locg is measured assuming that all column address inputs are is a read-write cycle and the data I/O pins will contain data read 
switched only once during each fast-page cycle. from the selected cells. If neither of the above conditions is met, 

the condition of the data I/O pins (at access time and until GAS 
(6) The minimum specifications are used only to indicate the cycle 


(7) 


(9) 


time at which proper operation over the full temperature range 
(Ta=0 to +70 °C) is assured. 


Load = 2 TTL ¢1mA, +4mA) loads and 100 pF (Voy = 2.0V 
and Vo, = 0.8 Vv). 


If tacp <= trcp (max) and Rap taap (max), access time is 
defined by trac (max). If tacp 2 tacp (max), access time is 
defined by tcac (max). If taap = trap (max), access time is 
detined by ta, (max). 


VW 


torr (max) and togz (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to Voy 
or VoL. 


(15) 


returns to Vj) is indeterminate. 


A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at Vi_. This mode also may inadvert- 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held atVip, either a RAS- -only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 


(16) These parameters define a read-modify-write cycle. 
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Write-Per-Bit Option 


The write-per-bit option may be used to allow a write 
cycle to change any number of bits in the 4-bit word. The 
mask is loaded from the four I/O lines at the falling edge 
of RAS if WE=V\. If the I/O line is high, then the 
corresponding bit will be written when the write cycle 
executes. If an I/O line is low, the corresponding bit does 
not change. A mask loaded during fast-page operation 
will remain set and active for each write cycle that 
executes while RAS remains low. The mask may be 
changed at the falling edge of RAS only. 


Comparison of Write-Per-Bit Cycle Versus Standard 4-Bit Write Cycle 


Write-Per-Bit 
Cycle 


Normal 4-bit 
Write Cycle 


vo Mask Data Write Operation 
1 (High) Write Bit 
VO, 
0 (Low) Disable Bit Write 
1 (High) Write Bit 
0 (Low) Disable Bit Write 
0 (Low) Disable Bit Write 
VO4g . Soa 
0 (Low) Disable Bit Write 
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Timing Waveforms 


Read Cycle 





High Impedance 





Input/Output 
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Timing Waveforms (cont) 


Early Write Cycle 


Address 


{1] OE = don't care. 
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Timing Waveforms (cont) 


Late Write Cycle 


a) ne 7) 
MAMMAL LLL 


tws toED 
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| 


MMMM LLL 
_ MSE 


tDH 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


Address 


tRWD tCWL 


tWBH tcwD tRWL 


i eat 
"88> as twe —> 
ar VTL 


'OEH 


L tCAc: 
Input/Output 


High Impedance valid “WAKA ain AAA MAY 
=i 3 (oan OR o_O 
eerie 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tRP 


tRPC 


AN 


High Impedance 
Input/Output 


Notes: 
[1] WE = OE = don't care. 





CAS Before RAS Retresh Cycle 





'RP 


twsr>| hewn 
27) NU 


High impedance 


Input/Output 
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Timing Waveforms (cont) 


Hidden Retresh Cycle 


tcRP 


//) | | | 
tasc | 
t 


RAH 'CAH 
_TASR tRAD | ‘he 


naoress. XM ey 


oe | 


InpuvOutput High Impedance 
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'WHR 


Valid Data-out 


NEC 


tOFF 


'OEZ 


High 
Impedance 


) 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 






Address 









tOEZ 
tOFF 
| | High 
Input/Output ee () { vaiadaaout |] ( Valid Data-out |) e {Vaid Datz-out | Impedance 


toLz tOLz toLz 
tcLz tcLz 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


~—IRSH 


ie po |e 


tRAD —" 


tasR tRAH tCAH tasc tcaH ‘asc tCAH 


[1] OE = don't care. 
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Timing Waveforms (cont) 


Fast-Page Late Write Cycle 


tCAH 
ae ton 


V Wy 


tWCH tWCH tRcs 


twBs tWBH twp & tRCS 


“XH ye an 
poe OR 


of f/ 


woot 7 SOREN 


| MMO 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 


tRaD 


tasR tCAH tRAL: 


tRAH tasc 'CAH 
| 


| | 
rosross XX now XK) . Rs 


| AOS 


twH  'tcac : tp 


| a 
igh | 
Input/Output ft - High Impedance i ea K i ie High Impedance 
toLz 
tcLz toez 
tRAC 
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NEC aor 
1,048,576 x 4-Bit 


NEC Electronics Inc. Dynamic CMOS RAM 


Description Pin Configurations 


The uPD424412 is a static-column 1,048,576 by 4-bit 26/29-Pin Plastic SOJ 
dynamic RAM designed with a write-per-bit option to 
operate from a single + 5-volt power supply. Advanced 
polycide technology using trench capacitors minimizes 
silicon area and provides high storage cell capacity, 
high performance, and high reliability. A single- 
transistor dynamic storage cell and CMOS circuitry 
throughout ensure minimum power dissipation, while 
an on-chip circuit internally generates the negative- 
voltage substrate bias—automatically and transpar- 
ently. 


wPD424412 


The three-state I/O pins are controlled by CS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CS 
low. Data outputs return to high impedance when CS aivceuek 
goes high. Static-column read and write cycles can be 
executed by cycling CS. 





: : — 20-Pin Plastic ZIP 
Refreshing may be accomplished by means of a CS 


before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1,024 address combinations of Ap 
through Ag during a 16-ms refresh period. 


Features 


O 4,048,576 by 4-bit organization 
Single + 5-volt power supply ess 
Write-per-bit option B3lH-7011A 
Static-column option 

Low power dissipation 

CS before RAS internal refreshing 

Multiplexed address inputs 

On-chip substrate bias generator 

TTL-compatible inputs and outputs 

Nonlatched, three-state outputs 

Low input capacitance 

1024 refresh cycles every 16 ms 

High-density 26/20-pin plastic SOJ or 20- -pin plastic 

ZIP packaging 





go0oo0no0nvonmnvavaAacmcananaavno 


60111 New speeds (60 and 70 ns) and packages (TSOP and 300-mil SOJ) will be available in 1991. 6-245 
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Block Diagram 





CS Clock 
‘Generator 


WE Clock 
Generator 
OE Clock 
Generator 


Data VO Bus | 
: Column Decoder Data-out 
Buffer 
Sense Amplifier 


Memory Array 


eoe#s2e ¢e¢ee8 80 
Multiplexer 
Address Buffer 
Row Decoder 


83!H-7012B 





Pin Identification Absolute Maximum Ratings 

Name Function Voltage on any pin relative to GND, Vy -10to +7.0V 
Ag - Ag Address inputs Operating temperature, Topr 0 to + 70°C 
Oy - Og Data inputs and outputs Storage temperature, Teta —55 to + 125°C 
cs Chip select Short-circuit output current, log 50 mA 
OE Output enable Power dissipation, Pp 1.0W 
RAS Row address strobe ee tne ieee nena tee aT ca aa 


Exposure to Absolute Maximum Ratings for extended periods may 
WE Write enable affect device reliability; exceeding the ratings could cause perma- 
a a i a ee earn ee nent damage. The device should be operated within the limits 





GND Ground specified under DC and AC Characteristics. 
Voc +5-volt power supply 
Recommended Operating Conditions 

Capacitance Parameter Symbol Min Typ Max Unit 
Ta = 25°C; f = 1 MHz SS 
——————————— Input voltage, high Vin 2.4 Veo+ 10 V 
Parameter Symbol Max Unit Pins Under Test SRR Sa ESE 
—_—<— Input voltage, low Vit -1.0 0.8 V 
input Cy 5 pF Addresses aE ae a 
capacitance Supply voltage Vec 45 5.0 5.5 Vv 

Cp 7 pF RAS, CS, WE, OE Ambient temperature Ty 0 70 °C 
Input/output Co 7 pF YO - VOq 


capacitance 
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Ordering Information . 
Part Number Row Access Time (max) R/W Cycle Time (min) Static-Column Cycle (min) Package 
uUPD424412LB-70 70 ns 140 ns 40ns 26/20-pin plastic SOJ 
LB-80 80 ns 160 ns 50 ns 
LB-10 100 ns 190 ns 60 ns 

uPD424412V-70 70 ns 140 ns 40 ns 20-pin plastic ZIP 
V-80 80 ns 160 ns 50 ns 
V-10 100 ns 190 ns 60 ns 

Notes: 

(1) Contact your NEC sales representative for data sheet and prod- 

uct availability for the uPD424412-70. 

DC Characteristics 

Ta = 0 to +70°C; Vog = +5.0 £10% 

Parameter Symbol Min Typ Max Unit Test Conditions 

Standby current loco 2.0 mA RAS = CS = Viy (min); lo = OMA 

1.0 mA RAS = CS = Voc-0.2V; lo = OmA 

Input leakage current IL) -10 10 HA Vin = 0 V to Voc; all other pin 

not under test = OV 

Output leakage current lowly -10 10 LA Dout disabled; Vout = OV to Voc 

Output voitage, low VoL 0.4 V lol = 4.2 mA 

Output voltage, high Von 2.4 Vv lon = -5 mA 

AC Characteristics 7 

Ta = 0 to +70°C; Vog = +5.0V + 10% 

pPD424412-80 pPD424412-10 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Operating current, average loc , 90 80 mA RAS, cs cycling; 
tao = tro min (Note 5) 

Operating current, RAS-only refresh cycle, loos . 90 80 mA RAS cycling; CS = Vin 

average min; tao = tao min 
(Note 5) 

Operating current, static-column cycle, average loca 70 60 mA RAS < Vi; CS cycling; 
tasc = trgc min or 
twsc = twse min 

(Note 5) 

Operating current, CS before RAS refreshing, loos 90 80 mA RAS cycling; CS < Vy 

average max; tac = tro min 
(Note 5) 

Access time from column address taa 40 50 ns (Notes 3, 4, 7, 8) 

Colum address hold time referenced to RAS tay 15 15 ns 

(rising edge) 

Column address setup time tasc 0 ns 

Row address setup time tase 0 ns 

Column address to WE delay time tawb 65 80 “ns (Note 15) 

Access time from CS (falling edge) toac 20 25 ns (Notes 3, 4, 7, 8) 

Column address hold time tcaH 15 20 ns 


6-247 


pPD424412 


NEC 





AC Characteristics (cont) 





pPD424412-80 


uPD424412-10, 








Parameter Symbol Min Max Min Max - Unit Test Conditions 
CS hold time for CS before RAS refreshing tour 15 20 ns 

CS precharge time, static-column cycle top 10 10 ns 

CS precharge time — topn 10 10 ns 

CS to RAS precharge time tcorp 10 10 ns (Note 11) 
CS pulse width tos 20 100,000 25 100,000 ns 

SS hold time tosH 80 100 ns 

CS setup time for CS before RAS refreshing tesR 10 10 ons 

CS to WE delay tewo 45 55 ns (Note 15) 
Write command referenced to CS lead time towL 15 20 ns 

Data-in hold time ton 15 20 ns (Note 14) 
Data-in setup time tos c¢) 0 ns (Note 14) 
Access time from OE toEA 20 25 ns (Notes 3, 4, 7, 8) 
OE data delay time toED 20 25 ns 

GE command hold time toEH f°) 0 ns 

OE to RAS inactive setup time toes 0 0) ns 

Output turnoff delay from OE toez 0 20 0 25 ns (Note 10) 
Output buffer turnoff delay . toFF QO 20 0 25 ns (Note 10) 
Output hold time for address tou 5 5 ns 

Output enable time from WE tow 25 30 ns 

Access time from WE tpwa: 90 110 ns (Notes 7, 16) 
Column address hold time referenced to WE tpwH 90 110 ns 

Access time from RAS | trac 80 100 ns (Notes 3, 4, 7, 8) 
RAS to column address delay time trap 17 40 17 50 ns (Note 9) 
Row address hold time tRAH 12 12 ns 

Column address lead time referenced to RAS tRAL 40 50 ns 

(rising edge) 

RAS pulse width tras 80 10,000 100 10,000 ns 

RAS pulse width, static-column cycle trasc 80 100,000 100 100,000 ns 

Random read or write cycle time tro 160 190 ns (Note 6) 
RAS to CS delay time trop 25 60 25 75 ns (Note 8) 
Read command hold time referenced to CS tRoH ns (Note 12) 
Read command setup time trcs fe) ns 

Refresh period tREF 16 16 ms Addresses Ag through Ag 
RAS precharge time trp 70 80 ns 

RAS precharge CS hold time treo 10 10 ns 

Read command hold time referenced to RAS tRRH 10 10 ns (Note 12) 
Read cycle time _ trasc 50 60 ns 

RAS hold time tasH 20 25 ns 

RAS to second WE delay time trew 95 115 ns. 
Read-modify-write cycle time tawe 210 250 ns (Note 6) 
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AC Characteristics (cont) 
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Parameter Symbol Min Max Min Max Unit Test Conditions 
RAS to WE delay trwp 105 130 ns (Note 15) 
Write command referenced.to RAS lead time tawe 20 25 ns 

Read/write cycle time tawsc 120 145 ns 

Rise and fall transition time ty 3 50. 3 50 ns (Note 4) 
WE to column address delay time twap 20 45 25 55 ns (Note 16) 
Write-per-bit hold time twBH 15 20 ns 
Write-per-bit setup time twes 10 10 ns 
Write command hold time twon 15 20 ns (Note 13) 
Write command setup time twos 0 0 ns (Note 15) 
Write-per-bit mask data hold time tw 15 20 ns 
WE command hold time for CS before RAS twHr 15 20 ns 

refreshing 
Write invalid time tw 10 10 ns 
Write command pulse width twp 15 20 ns (Note 13) 
Write-per-bit mask data setup time tws 10 10 ns 
Write cycle time twsc 50 60 ns 
WE command setup time for CS before RAS twsr 10 10 ns 

refreshing —_ : 

Notes: 

(1) All voltages are referenced to GND. (11) The torp requirement should be een for RAS/CS cycles 


ad ‘ ? preceded by any cycle. 
(2) An initial pause of 100 ps is required after power-up, followed by 


any eight RAS cycles, before proper device operation is (12) Either tany or tacy must be satisfied for a read cycle. 
achieved. At the end of the initial power up sequence, it is (13) Parameter twp is applicable for a delayed write cycle such as a 


recommended that either a RAS-only refresh or a CS before RAS read-write/read-modify-write cycle. For early write cycles, both 
refresh cycle be executed while WE = Vjy to ensure normal twos and twou must be met. ; 
operation. 


(14) These parameters are referenced to the falling edge of CS for 
(3) AC measurements assume ty = 5 ns. early write cycles and to the falling edge of WE for delayed write 


(4) Vir (min) and Vi, (max) are reference levels for measuring the or read-modify-write cycles. 


timing of input signals. Transition times are measured between (15) twos, tawp; tewp, and tawp are restrictive operating parame- 
Ving and Vj. ters in read-write/read-modify-write cycles only. If twos = twos 
(8) loot: lees: loca: and logs depend on output loading and cycle (min), the cycle is an early write cycle and the data I/O pins will 
rates. Specified values are obtained with the output open. Iogg remain open-circuit throughout the entire cycle. If tewo 2 tewp 
is measured assuming that all column address inputs are held at (min), tawo = tawo (min), and tawp = tawD (min), then the cycle 
either a high level or a low level during RAS-only refresh cycles. is a read-write cycle and the data I/O pins will contain data read 
loca is measured assuming that all column address inputs are from the selected cells. If neither of the above conditions is met, 
switched only once during each static column cycle. the condition of.the data I/O pins (at access time and until CS 


aes peer ae returns to Vj) is indeterminate. 
(6) The minimum specifications are used only to indicate the cycle 


time at which proper operation over the full temperature range _—_‘(16) A test mode may be initiated by executing a CS before RAS 


(Ta= 0 to +70°C) is assured. refresh cycle with WE held at Vj. This mode also may inadvert- 
ently be initiated during power-up because external! control of 

(7) Load = 2 TTL (-1 mA, +4 my loads and 100 pF (WoH= 2.0V the signal lines is very difficult during this period. Itis therefore 
_ and Vo_= 0.8 V). recommended that while WE is held at Vjy, either a RAS-only or 
(8) If taop = exceeds trap max, then trac will increase by the CS before RAS refresh cycle should be executed at any time 
amount tacp exceeds trop (max). after the end of the initial power-up sequence to ensure normal 


device operation. 


(17) Assumes twap = twap (max). 


(9) lftpap = trap (max), then the access time is defined by ta. 


(10) torr (max) and togz (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to Voy 
or VoL. 
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Write-Per-Bit Option 


The write-per-bit option may be used to allow awrite executes. If an I/O line is low, the corresponding bit 
cycle to change any number of bits in the 4-bit word. | does not change. A mask loaded during static-column 
The mask is loaded from the four I/O lines at the falling operation will remain set and active for each write cycle 
edge of RAS if WE= V.. If the I/O line is high, thenthe that executes while RAS remains low. The mask may be 
corresponding bit will be written when the write cycle changed at the falling edge of RAS only. 





Comparison of Write-Per-Bit Cycle Versus Standard 4-Bit Write Cycle 


Write-Per-Bit 
Cycle 


Normal 4-bit 
Write Cycle 


| 4 High) Write Bit 
vo, 
1 (High) 
Disable Bit Wite 


(High) 


vo 
, a) (Low) Disable Bit Write 


Write Bit 


vo ened 
: Disable Bit Write 
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Timing Waveforms 


Read Cycle 





Address 









High Impedance High Impedance 






(| Valid Data-out 


Input/Output 
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Timing Waveforms (cont) 


Early Write Cycle 


Write-Per-Bit 


Input/Output Mask Select 


[1] OE = don't care. 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 


NEC 


TRAD —>|<——__——__— RAL 


2 


Address 
twes 


FEV ema X/ 


tws 


, Write-Per-Bit 
Input/Output High ( Mask Select 
Impedance 
aan 17 
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High Impedance 


tCWL 
tRWL 


'OEH 


SS 


tOED 


>| 
/\) 


(| Valid i 
Data-out 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


tRP 
tRPC 


AUN 


High Impedance 
Input/Output 


Notes: 


{1] WE = OE = don't care. 
83YL-7017B 
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Timing Waveforms (cont) 


CS Before RAS Retresh Cycle 


RP 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


tRP 
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Timing Waveforms (cont) 





Static-Column Read Cycle 


Address 


WILL. 


Input/Output (| Valid Data-out | 
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Timing Waveforms (cont) 


Static-Column Early Write Cycle 


tts ——__—_—_—> | 
\\ 
tRAD . taSC 
tASR tcaH tasc | tcaH tAaSC 


nee Bh Pe sm RN some RA Some 
| 


twsc ——-——>] twsc 


twos twos 
'WCH 
tWBH twi 


twBs twp Pp 


ae a 
= \ f _Write-Per-Bit 
WE () Enable/Disable A MS 


tws tWH tos 





tps tDH 


rowounas XM Nawceaes KY mm RX on XXXII an XXX 
Me eer Sa seem 
Note: 


11} OE = don't care. 
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Timing Waveforms (cont) 


Static-Column Read-Write/Read-Modify-Write Cycle 


coe 


TASR | TRWSC ———-4 
tasc a 'PWH 
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tWBH | 
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NEC pPD424800 

524,288 x 8-Bit 
NEC Electronics Inc. Dynamic CMOS RAM 
PRELIMINARY INFORMATION 


Description Pin Configurations 


The uPD424800 is a fast-page dynamic RAM organized Di, : 

as 524,288 words by 8 bits and designed to operate carlisle 
from a single + 5-volt power supply. Advanced polycide 
technology using trench capacitors minimizes silicon 
area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor 
dynamic storage cell and CMOS circuitry throughout 
ensure minimum power dissipation, while an on-chip 
circuit internally generates the negative-voltage sub- 
Strate bias—automatically and transparently. 


Q 
i=] 
oO 
vv 
N 
Tt 
Q 
a 
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The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. BoVL-7280 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1,024 address combinations of Ap 
through Ag during a 16-ms refresh period. 


Since the uPD424800 is organized as 524,288 by eight 
bits wide, the addressing of the array by rows and 
columns is not symmetrical. Only 19 address bits are 
required to address the 524,288 locations. The 
uUPD424800 uses row addresses Ag through Ag and 
column addresses Ap through Ag. The column address 
bit Ag is not used internally, but it must still meet ali 
setup and hold times and specified voltage levels. 
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Features 


524,288 by 8-bit organization 

Single + 5-volt power supply 

Fast-page option (Address Ag - Ag only) 

Low power dissipation 

CAS before RAS refreshing 

On-chip substrate bias generator 
TTL-compatible inputs and outputs 
Nonlatched, three-state outputs 

Low input capacitance 

Multiplexed row (Ao - Ag) and column (Ag - Ag) 
addresses 

1024 refresh cycles every 16 ms 

28-pin plastic SOJ or 28-pin plastic ZIP packaging 


ooaogoonoanaonooa Aa Oo 
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Pin Identification 
Name 

Ao - Ag 

0, - VOg 

CAS 

OE 

RAS 

WE 

GND1, GND2 


Voor Veco2 
NC 


Function 

Address inputs 

Data inputs and outputs 
Column address strobe 
Output enable 

Row address strobe 
Write enable 

Ground 

+5-volt power supply 


No connect 


Ordering Information 


Part Number Row Access Time (max) 
uPD424800LE-70 70 ns 

LE-80 80 ns 

LE-10 100 ns 
uPD424800V-70 70 ns 

V-80 80 ns 

V-10 100 ns 


Block Diagram 


RAS Clock 


Generator 


CAS Before RAS 


. Internal Refresh 
Clock 


Refresh Address 
Counter 
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Multiplexer 
Address Buffer 


Row Decoder 





Absolute Maximum Ratings 


Voltage on any pin relative to GND 


Operating temperature, Topp 


Storage temperature, Tstg 


Short-circuit output current, los 


Power dissipation, Pp 


-1.0to +7.0V 
Oto +70°C 
-55 to + 125°C 
50 mA 

1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


R/W Cycle Time (min) Fast-Page Cycle (min) Package 
140 ns 45 ns 28-pin plastic SOJ 
160 ns 50 ns 
190 ns 60 ns 
140 ns 45ns 28-pin plastic ZIP 
160 ns 50 ns 
190 ns 60 ns 


CAS Clock 


Generator 
WE Clock 
Generator 


Data /O Bus 


Column Decoder Data-out 
‘ Buffer 
Sense Amplifier 


Memory Array 
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Recommended Operating Conditions Capacitance 

Inputvoltage, ow Vy -10. O8 Vv Input capacitance Cy 5 _—spF_— Addresses 
Supply voltage ~—SOVogs—(<‘w SC O!UCUC!C~«S S~*W Cp 7 pF RAS, GAS, WE, OE 
i a a ee ee sllnpuvedtpat Co 7 pF “Oy - WOg 


Ambient temperature Ta 0 70 °C ; 
it MEE cE SON ee a SP SRR RP capacitance 


DC Characteristics 
Ta = 0 to +70°C; Vog = +5.0 10% 


Parameter Symbol Min Typ Max Unit Test Conditions 
Standby current loce 2.0 mA RAS = CAS = Vip (min); lo = OMA 
1.0 mA RAS = CAS = Voc -0.2Vi lo = 0 mA 
Input leakage current uri) -10 10 LA Vin = OV to Voc; all other pins not under test = OV 
Output leakage current low ~10 10 LA Dout disabled; Voyt = OV to Veo 
Output voltage, low VoL 0.4 V lo. = 4.2mA 
Output voltage, high Vou 2.4 Vv lon = -5 mA 


AC Characteristics 
Ta = 0 to + 70°C; Vog = +5.0V + 10% 








-70 -80 -10 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Operating current, loc 120 110 100 mA RAS, CAS cycling; 
average taco = tro min (Note 5) 
Operating current, loos 120 110 100 mA RAS cycling; CAS = Viy min; 
RAS-only refresh tac = tpc min (Note 5) 
cycle, average 
Operating current, loca 100 90 80 mA RAS s Vi; CAS cycling; 
fast-page cycle, tpc = tpc min (Note 5) 
average 
Operating current, locs 120 110 100 mA RAS cycling; CAS s Vi, max; 
CAS before RAS tac = tro min (Note 5) 
refresh cycle, average 
Access time from taa 35 40 50 ns (Notes 3, 4, 7, 8) 
column address 
Access time from CAS tacp 40 45 55 ns (Notes 3, 4, 7, 8) 
precharge (rising 
edge) 
Column address setup tasc 0 0 fe) ns 
time 
Row address setup tasr 0 0 0 ns 
time 
Column address to tawp 55 65 80 ns (Note 14) 
WE delay time 
Access time from CAS toac 20 20 25 ns (Notes 3, 4, 7, 8) 
(falling edge) 
Column address hold tcaAH 17 20 20 ns 
time 
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AC Characteristics (cont) 


NEC 





Parameter 
CAS pulse width 


CAS hold time for 
CAS before RAS 
refreshing 


CAS to output in low- 
Zz 


CAS precharge time, 
fast-page cycle 


CAS precharge time 


CAS to RAS 
precharge time 


CAS hold time 


CAS setup time for 
CAS before RAS 
refresh cycle 


CAS to WE delay 


Write command 
referenced to CAS 
lead time 


Data-in hold time 
Data-in setup time 
Access time from OE 
OE data delay time 


OE command hold 
time 


OE to RAS inactive 
setup time 


Output turnoff delay 
from OE 


Output buffer turnoff 
delay 


OE to output in low-Z 


Fast-page read or 
write cycle time 


Fast-page read- 
modify-write cycle 
time 


Access time from RAS 
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_ Symbol Min Max 
toas 20 10,000 
tour 15 
toLz 0 
top 10 
topn 10 
tonp 10 
tos 70 
tcsr 10 
tcowp 40 
tow. 15 
ton 15 
tos 0 
toEA 20 
toED 15 
toEH 0 
toes 0 
toEz 0 15 
torr 10] 15 
toLz 0 
tpc 45 
tprwe 90 
trac 70 


Min 
20 
15 


10 


10 
10 


10 


45 
15 


15 


100 


-80 
Max 
10,000 


Min 
25 
20 


10 


10 
10 


100 
10 


55 
20 


20 


25 


60 


120 


-10 
Max 
10,000 


25 


25 


25 


100 


Unit 
ns 
ns 
ns 


ns 


ns 


ns 
ns 


ns 


ns 


ns 


ns 
ns 
ns 
ns 


ns 
ns 
ns 
ns 


ns 


ns 


ns 


ns 


Test Conditions 


(Note 4, 7) 


(Note 10) 


(Note 14) 


(Note 13) 
(Note 13) 
(Notes 3, 4, 7, 8) 


(Note 9) 
(Note 9) 


(Note 5, 7), 
(Note 6) 


(Note 6) 


(Notes 3, 4, 7, 8) 
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AC Characteristics (cont) 
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Parameter Symbol Min Max Min Max ‘Min Max Unit Test Conditions 
RAS to column trap 15 35 17 40 17 50 ns (Note 8) 
address delay time 
Row address hold tRAH 10 12 12 . ns 
time 
Column address lead tRAL 35 40 50 ns 
time referenced to 
RAS (rising edge) 
RAS pulse width tras 70 10,000 80 10,000 100 10,000 ns 
RAS pulse width, fast- — tgasp 70 125,000 80 125,000 100 125,000 ns 
page cycle 
Random read or write trac 140 160 190 ns (Note 6) 
cycle time 
RAS to CAS delay trop 20 50 25 60 25 75 ns (Note 8) 
time 
Read command hold tRoH 0 0 0 ns (Note 11) 
time referenced to 
CAS 
Read command setup trcs 0 0 fe) ns 
time 
Refresh period tper 16 16 16 ms Address Ag through Ag 
RAS precharge time trp 60 70 80 ns 
RAS precharge CAS treo 10 10 10 ns 
hold time 
Read command hold tRRH 10 10 10 ns (Note 11) 
time referenced to 
RAS 
RAS hold time trsH 20 20 25 ns 
Read-modify-write trwo 185 210 250 ; ns (Note 6) 
cycle time 
RAS to WE delay trwp 90 105 130 ns (Note 14) 
Write command tRWL 20 20 28 ns 
referenced to RAS 
lead time 
Rise and fall tr 3 50 3 50 3 50 ns _ (Note 4) 
transition time 
Write command hold twou 15 15 20 ns (Note 12) 
time 
Write command setup twes 0 0 0 ns (Note 14) 
time 
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AC Characteristics (cont) 
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Parameter Symbol Min Max Min 
WE command hold twHr 15 15 
time for CAS before 
RAS refreshing 
Write command pulse twp 15 15 
width 
WE command setup twsR 10 10 


time for CAS before 
RAS refreshing 


Notes: 
(1) All voltages are referenced to GND. 


(2) An initial pause of 100 ys is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only refresh or a CAS before 
RAS refresh cycle be executed while WE = Vj} to ensure normal 
operation. 


(8) Ac measurements assume ty = 5ns. 


(4) Vir (min) and Vy. (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
Vin and Vj. 


©) loon loca: loca, and logs depend on output loading and cycle 

rates. Specified values are obtained with the output open. Iocg 

_ is measured assuming that all column address inputs are held at 

either a high level or a low level during RAS-only refresh cycles. 

loc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(Ta= 0 to +70 °C) is assured. 


(7) Load = 2 TTL (1 mA,.+4 mA) loads and 100 pF VoyH=2.0 V 
and VoL= 0.8 V). 


(8) If trop = taog (max) and trap s taap (max) access time is 
defined by trac (max). If taop = tracy (max) access time is 
defined by tcac (max) and if taap = trap (max) access time is 
defined by ta, (max). 


(2) torr (max) and tog¢z (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to Voy 
or VoL. 
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Max Min Max Unit Test Conditions 
20 ns 
20 ns (Note 12) 
10 ns 


(10) The torp requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 


(11) Either taay or tacoy must be satisfied for a read cycle. 


(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twes and twoH must be met. 


(13) These parameters are referenced to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


(14) twos, tawp: town, and tawp are restrictive operating parame- 
ters in read-write/read-modify-write cycles only. If tweg 2 twcos 
(min), the cycle is an early write cycle and the data //O pins will 
remain open-circuit throughout the entire cycle. If towp = towp 
(min), tawp = tawp (min), and tawp = tawp (min), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data I/O pins (at access time and until CAS 
returns to Viz4) is indeterminate. 


(15) Assumes that the test mode has been set. Contact your NEC 
Electronics sales representative for more details. A test mode 
may be initiated by executing a CAS before RAS refresh cycle 
with WE held at Vit. This mode also may inadvertantly be 
initiated during power-up because external control of the signal 
lines is very difficult during this period. It is therefore recom- 
mended that while WE is held at Vj, either a RAS-only or CAS 
before RAS refresh cycle should be executed at any time after 
the end of the initial power-up sequence to ensure normal 
device operation. , 
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Timing Waveforms 





Read Cycle 



















rasors WY x YK AM) 


NF NF FN NF Ne FN 2 se as es os a a 











High Impedance 





Input/Output 





6-267 


pPD424800 


Timing Waveforms (cont) 


Early Write Cycle 


Address | 


Note: 
1] OE = don't care. 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 


RAS-Only Refresh Cycle 


trp 


tRPC 


AUN 


Input/Output 


Notes: 
[1] WE = OE = don't care. 





CAS Before RAS Refresh Cycle 
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Timing Waveforms (cont) 





Hidden Refresh Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 






Address 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


\\ 


tasR tRAH tcaAH tasc 


tRAD 


Address 


Input/Output 


Note: 


[1] OE = don't care. 
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Timing Waveforms (cont) 


Fast-Page Late Write Cycle 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write Cycle 
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Description 


NEC’s uwPD421000, wPD421001, and wPD421002 are 
1-megabit dynamic RAMs (DRAMs) manufactured with 
the CMOS 1-um fine-pattern process and configured 
as 1,048,576 x 1 bit. As shown in table 1, this family of 
DRAMs has been developed in a variety of speeds and 
packages. The package pin layouts appear in figure 1. 


Configurations 


The wPD421000, wPD421001, and uwPD421002 (figures 2, 
3, and 4) consist of memory cell arrays, input and 
output buffers, clock generators, refresh address 
counters, and row and column decoders. 


The basic layout of the chips is shown in figure 5. As 
can be seen from the diagram, the whole memory cell 
array is divided into 16 smaller 64-kilobit arrays that are 
accessed separately. 


Memory Cell Structure 


Dynamic RAMs generally feature one-transistor 
memory cells, which require only about one-fourth of the 
area used by four-transistor and six-transistor (flip- 
flop) memory cells in static RAMs. Although a one- 
transistor cell provides a big advantage in reducing 
chip size, data must be rewritten (refreshed) at regular 
intervals for proper data storage on the memory cell 
capacitor. A cross-sectional view of the trench-type, 
one-transistor memory cell used in the wPD421000- 
series DRAMs is shown in figure 6. 


This trench design uses three-dimensional rather than 
planar capacitors, thereby achieving a larger capaci- 
tance in a smaller surface area than in conventional 
circuits. The capacitance of this type of cell is deter- 
mined by total trench area, the dielectric constant, and 
the thickness of the insulating film. To reduce soft 
errors caused by a-particles, an effective capacitance 
in excess of 50 femtofarads (fF) is used in the 
uPD421000, wPD421001, and wPD421002. 


N. EC APPLICATION NOTE 53 
yuPD421000/yPD421001/PD421002 


Figure 1. Pin Layouts 
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Table 1. 1,048,576 x 1-Bit DRAM Family 


RAS Access R/W Cycle Operating Standby High-Speed 

Device Time (max) Time (min) Current (max) Current (max) Mode Packages 
uPD421000-80 80 ns 160 ns 70 mA 1mA Fast Page C = 18-pin plastic DIP 

10 100 ns 190 ns 60 mA 1 mA V = 20-pin plastic ZIP 

72 120 ns 220 ns 50 mA 1mA Se cOI pI nlestC RY 
uPD421001-80 80 ns 160 ns 70 mA 1mA Nibble 

-10 100 ns 190 ns 60 mA 1mA 

-12 120 ns 220 ns 50 mA 1mA 
uPD421002-80 80 ns 160 ns 70 mA 1mA Static Column 

-10 100 ns 190 ns 60 mA 1mA 

-12 120 ns 220 ns 50 mA 1mA 


Figure 2. uuPD421000 Block Diagram 
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Figure 3. ~uPD421001 Block Diagram 
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Figure 4. ~sPD421002 Block Diagram 
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Figure 5. Chip Layout of uPD421000-Series DRAMs 
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Figure 6. Cross Section of 1-Transistor Memory Cell 
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Read/Write Operation 


In dynamic RAMs, changes in bit line potential caused 
by the minute charging and discharging of memory 
cells are amplified by a sense amplifier to be read as 
either 1 or 0. Memory cell and sense amplifier equiva- 
lent circuits are shown in figure 7. 


To read the data from storage cell Cs11, the row address 
selects word line WL;, and data from memory cells 
Cs11, Cgo1, . . . , Cgn1 Connected to WL, is passed to 
bit lines BL;, BLo, .. . , BL,;. These data signals are 
passed to the sense amplifiers, where they first 
are compared with data from dummy cells Cp41, 
Cpo1, - - - , Cpn1, connected simultaneously with the 


HPD421000-SERIES DRAMs 


memory cells, and then amplified. At the same time, 
the original data is rewritten to memory cells Cgy4, 
Cgo1, . . ., Cgn1. Switch Y; is then selected by the 
column address, and the Cg1; data on the BL, line is 
passed via the I/O bus and a data amplifier to external 
circuits. 


Write and read operations are identical, up to ampli- 
fication and rewriting of memory cell data selected bya 
row address. After being passed to the bit line selected 
by the column address, write data is written into a 
target memory cell (such as Cs31). Since the number of 
memory cells selected by one row address in the 
devices is 2048, 2048 memory cells are refreshed 
simultaneously in each memory or refresh cycle. 


Figure 7, Memory Cell and Sense Amplifier Equivalent Circuits 
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Pin Functions 


RAS and CAS [or CS]. The uPD421000-series DRAMs 
include two chip activator inputs: RAS and CAS 
(or CS), row address strobe and column address 
strobe (or chip select). In addition to reading row 
addresses Ag through Ag, selecting the relevant word 
line, and activating the sense amplifiers for read and 
write operation, the RAS input also refreshes the 2048 
bits selected by row addresses Ag through Ag. The 
CAS input latches in column addresses (on the 
uPD421000 and the wPD421001) and connects the 
chip’s internal I/O bus to the sense amplifiers activated 
by the RAS clock, thereby executing data input or 
output operations. 


Ao through Ag. Selection of an individual cell from the 
1,048,576-word x 1-bit memory cell array requires a 
20-bit address input. The three devices all feature an 
address multiplexing method in which an address is 
divided into two parts, the lower 10 bits (row address) 
and the upper 10 bits (column address). 


The row address is latched into memory at the falling 
edge of the RAS clock. After an internal timing delay, 
the column address input circuits become active. 
Flow-through latches (voltage-level activated, not 
edge-triggered) for column addresses are enabled on 
the »PD421000 or uwPD421001, and the column 
addresses immediately begin propagating through the 
latches to the column decoders. A column address is 
held in the latches by the falling edge of CAS. For read 
cycles on the wPD421002, the column address input 
circuitry is not controlled by CS, and column addresses 
must be held valid until data is read out. 


Setup times (tasr and tasc) and hold times (tray and 
tcaH) for address inputs are defined in relationship to 
the falling edges of RAS and CAS (CS or WE for write 
cycles on the wPD421002). In actual operation, a row 
address is specified before the RAS input is activated; 
once the address bus switches to column addresses, 
CAS (or CS) is activated. 


WE [Write Enable]. Read and write cycles are executed 
by activating the RAS and CAS (or CS) inputs and 
controlling WE. An early write cycle is executed if WEis 
activated before the falling edge of CAS (or CS) during 
a write cycle, and a late write (read-modify-write) cycle 
is executed if the WE input is activated later. 
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Read and Write Cycles 


Read cycles are executed by activating RAS and CAS 
(orC CS) with the WE input at a high level (inactive). The 
RAS access time of trac is valid if the delay from RAS to 
CAS (or CS) is less than tacp (max), and the delay from 


RAS to the column address is less than trap (max). The 


CAS (or CS) access time of tcac is valid if the delay 
from RAS to CAS (or CS) is greater than trop (max), 

and the delay from the column address to CAS (or CS) 
is greater than tasc (max). The address access time of 
taa is valid if the delay from RAS to the column address 
is greater than trap (max), and the delay from the 
column address to CAS (or CS) is less than tagc (max). 
Output data is held valid until CAS (or CS) becomes 
inactive again (figure 8). 


Write cycles are executed by activating the RAS, CAS 
(or CS), and WE inputs. Write data is latched by the 
falling edge of CAS (or CS) or WE, whichever occurs 
later. 


A WE input applied before the CAS (or CS) input 
initiates an early write cycle, whereby write data is 
latched by the falling edge of CAS (or CS). 


Conversely, a WE input applied after the CAS (or CS) 
input initiates a late write cycle (read-modify-write 
cycle), whereby write data is latched into the chip by 
the falling edge of WE. The status of Dour is not 
guaranteed in this case, but depends on the timing of 
WE with respect to RAS and CAS (or CS). If WE is acti- 
vated at least towp after the CAS (or CS) input, and at 
least tawp after the RAS input, write operation is 
enabled in the same memory cycle during which the 
read data is valid. 


Refresh Cycles 


The process of rewriting data held in a memory cell, 
refreshing, is performed by a sense amplifier in the 
uPD421000-series DRAMs. The three devices are 
capable of executing the same RAS-only and CAS 
(or CS)-before-RAS refresh cycles as are executed in 
other conventional, general-purpose DRAMs. All 512 
rows of memory cells must be refreshed within any | 
8-ms period. 


Since in image memory applications, row addresses 
Ao through Ag are read or written sequentially within 
8 ms, the accessing itself initiates refreshing and no 
additional refresh cycles are required. 


4uPD421000-SERIES DRAMs 


Figure 8. Access Timing 
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RAS-Only Refresh Cycle. RAS-only refreshing is 
executed simply by leaving the CAS (or CS) input 
inactive (high level) during a RAS clock cycle. This 
cycle uses the 512 lower addresses specified by row 
addresses Ag through Ag to ensure that all memory cell 
bits are refreshed. Hence, 2048 bits of memory are 
refreshed in a single cycle (figure 9). 


CAS [or CS]-Before-RAS Refresh Cycle. This type of 
refreshing is executed using the addresses generated 
by the chip's internal address counter when CAS 
(or CS) is activated (low level) in advance of the RAS 
input (figure 10). 


Figure 9. RAS-Only Refresh Cycle 
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NEC 


Even in systems without an address output from the 
microprocessor, no additional external address counter 
or refresh address selector is required. CAS (or CS)- 
before-RAS refreshing allows refreshing to be 
accomplished with a minimum of peripheral circuits 
(figure 11). 


High-Speed Access Cycles 


In addition to being capable of standard access, the 
uPD421000 is equipped with fast-page access, the 
HPD421001 with nibble access, and the wPD421002 with 
static-column access (table 2). 


High Impedance 


[1] Row address Ag is not necessary for refreshing, but the tasr and tRAH 


specifications must be satisfied just as for other addresses. 


Figure 10. CAS (or CS)-Before-RAS Refresh Cycle 
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Figure 11. Address Multiplexing 
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Table 2. Major Characteristics of Fast-Page, Nibble, and Static-Column Modes 

















Device Access Time {max} Cycle Time (min) Internal Address Usage High-Speed Access 
uPD421000-80 45 ns 50 ns Row: Page selection Random access on one page 
SS aa Ene a Rine Column: Individual cell access selected by Ag through Ag 
10 50 ns 60 ns on one page 
-12 60 ns 70 ns 
uPD421001-80 20 ns 40 ns Row, Column: Ag inputs set Serial access (4 bits maximum) 
: starting location for nibble- 
10 25 ns 45 ns mote aecess 
-12 30 ns 55 ns 
uPD421002-80 45 ns 50 ns Row: Row selection Random access on one row 
Se aye pp eae ae ae Column: Individual cell access selected by Ag through Ag 
10 50 ns 60 ns dapnecow 
-12 60 ns 70 ns 
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Fast-Page Mode. Fast-page mode makes it possible to 
randomly access data in the same row address (figures 


NEC 


1998 continuous accesses can be executed on the 
80-ns version before the maximum interval for trasp 


12 and 13). The 1024 bits of memory are obtained from (100 ps) is reached. 
the combinations of column address inputs Ag through 


Ag within one row address in the #PD421000. Up to The tpc cycle time for random fast-page read or write 


cycles is equivalent to tcas + tcp + 2tr. 


Figure 12. Memory Cell/Sense Amplifier Block of the 1.PD421000 
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Figure 13. Fast-Page Timing 
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Nibble Mode. In nibble-mode cycles, the first data 
location is specified by row and column addresses Ag 
through Ag during a read or write cycle (table 2 and 
figures 14 and 15). When the w~PD421001 internally 


NEC 


sequences the two highest-order addresses (Ag) dur- 
ing the next CAS clock cycle, read and write cycles can 
be executed in less time than in fast-page operation. 


Figure 14. Nibble-Mode Block Diagram and Example of Access Sequence 


262,144 
Memory Cells 
[512 x 512] 


262,144 
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RAS/CAS 1 ; 
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| Data Latch | Latch | Data Latch | Latch 
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1 
1 
1 
1 
1 


CAS Cycling 
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Figure 15. Nibble-Mode Timing 
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For the 80-ns version, the average cycletime perbitin devices, high-speed cache and frame buffer applica- 
nibble mode is 70 ns, when 4 bits are accessed during a tions are possible (figure 17). 
long tras cycle (figure 16). By using multiple ~PD421001 


Figure 16. Average Data Rate in Nibble Access 





Notes: 


[1] Minimum tRc [ns] in nibble mode: 
=tcsH + tnc x 2+ tNp + tNRRSH or (NWRSH + tRP + tT x4 
=80+40x2+10+20+70+ 20 
= 280 ns [for 4 bits] 
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Figure 17 High-Speed Data Access Using Nibble Mode 
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Static-Column Mode. Row and column addresses are _In a static-column device, there are no setup or hold 

functionally equivalent in static-column and fast-page —_‘ timing requirements for read addresses; CS may be 

access. The available number of continuous accesses held low continuously in the ON-state. To allow this 

on one row, and the cycle timing, are also similar to feature, the column addresses must be maintained as 

fast-page operation. valid inputs for the duration of each cycle. There are 
few other restrictions on timing (figure 18). 


Figure 18. Static-Column Timing 
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Precautions 


Precautions when using the wPD421000, wPD421001, 
uPD421002, and other DRAMs should be carefully 
observed in the areas listed below: 


e Power-on and initialization 
e Supply voltage fluctuations caused by peak currents 


e Relationships between address/data inputs and 
drivers 


e RAS and CAS (or CS) generation 


Power-On and Initialization. Dynamic RAMs operate 
by the charging and discharging of gate and internal 
circuit capacitances.. Therefore, dummy RAS clock 
cycles must be executed to charge internal potentials 
to the prescribed levels when power is applied. Dummy 
RAS cycles are also necessary when there has been no 
accessing (reading, writing, or refreshing) for periods 
longer than the refresh interval (figure 19). 


To control transistor threshold voltages and decrease 
internal stray capacitance, DRAMs are usually 
equipped with a substrate voltage generator circuit 
to supply the chip’s interior with negative voltage. 
Approximately 100 ws is required to generate an 
adequate negative voltage level after power is applied 
and Voc 2 4.5 V. 


When the power is switched on, a peak current 
dependent on the levels of RAS, CAS (or CS), and 
WE is reached during the rising of Voc. This peak 
current—maximum when RAS and CAS (or CS) are 
active and WE is inactive—can be minimized by using 
clock input pullups on RAS and CAS (or CS) so that 
their rise times correspond to the rise time of the 
power supply. 


Supply Voltage Fluctuations. Since 1 and 0 logic 
(storage) operations are executed by the charging and 
discharging of capacitances, including the memory 
cells, the peak current generated is dependent on 
charge and discharge timing. 


This peak current is concentrated just after RAS and 
CAS (or CS) transition intervals (figure 20) with a peak 
value of about 120 mA. Since this current is a source of 
noise (voltage drop) in the memory system supply 
voltage, decoupling by multilayer ceramic capacitors 
with excellent frequency response is necessary. If the 
average of the 120-mA peak current pulse lasts about 
100 ns, the capacitance required to keep the drop in the 
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supply voltage line at about 0.1 V will be calculated 
as follows: 


_ 120 (mA) x 100 (ns) 
0.1 (V) 


= 120 x 10% pF 
= 0.12 uF 


Therefore, when designing the memory board, keep 
the power and ground leads as short as possible for low 
inductance. Decoupling capacitors of about 0.2 uF 
must be inserted between the power supply lines for 
each memory device. With careful board layout, the 
use of fewer but larger capacitors is possible. Capaci- 
tors used in one of every two memory device locations, 
with a value of perhaps 0.33 uF, can provide satisfac- 
tory decoupling in many cases. 


C 


Figure 19. Dummy Cycles after Power is Applied 
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Figure 20. Operating Current Waveform 
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Address/Data Inputs and Drivers. Probably the most 
important consideration in DRAM timing is the rela- 
tionship between address/data inputs and the external 
drivers. In address-multiplexed DRAMs such as the 
uHPD421000, uPD421001, and uwPD421002 (where row 
and column addresses are supplied as two sets of 
inputs), addresses supplied externally have to be 
switched by a multiplexer. 


The sequence of this timing must be designed very 
carefully. A timing sequence starts with the setting of 
row addresses. Next, RAS falls. After the specified hold 
time for row addresses is met, the addresses _are 
switched to set up column address input. Once CAS 
(or CS) falls, the specified hold time for column 
addresses must be satisfied. 


When CAS (or CS) is activated within the time specified 
for trcp (max), the setup time for column addresses is 
more difficult to guarantee than when trcp is longer 
than tacp (max), because one external address driver 
has to drive more than one address pin in an array 
of DRAMs. The address multiplexer’s delay time is 
increased by load capacitances larger than the typical 
value. 


For illustration, measurements of output delay times 
for certain drive load capacitances are shown in figure 
21. 


In the design of high-density memory boards having 
a large number of memory devices, partitioning of 
drivers becomes necessary because of wiring and 
through-hole capacitances. Special care must be taken 
to ensure that the setup and hold times for addresses 
conform with the specifications. Otherwise, invalid or 
undefined addresses may be latched into the chip, and 
data may be destroyed even if nothing is written. 


RAS and CAS [or CS] Generation. In addition to 
reading the address inputs, RAS and CAS (or CS) also 
generate the basic timing for all DRAM circuit opera- 
tions. The internal timing generators are connected in 
daisy-chain fashion, and are completely controlled by 
the basic RAS and CAS (or CS) inputs. Because of this 
control, the memory system design must prevent noise 
glitches from being generated in the RAS and CAS 
(or CS) inputs. 


RAS and CAS (or CS) timing is specified in terms of 
minimum values. High- or low-level pulses that do not 
satisfy these minimum values can result in incorrect 
output data (because there is insufficient time for 
sense amplifier operation), and can also lead to 
destruction of write data. Therefore, the prevention of 
noise glitches must be carefully considered in logic 
and circuit design. 
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Effect of Load Capacitance on TTL 
(7404) Output 


Figure 21. 


Delay and Transition Times 
Time [ns] 

Parameter C_ = 10 pF CL = 110 pF CL = 210 pF 
tPLH 9 16.5 26 
{PHL 5.5 12.5 17 

3.2 7.8 15 
1.5 3.8 5.5 








Notes: 


[1] tPLH, tpHL are defined as the detay time from VIN = 1.5 Vto VouT 
=2.4Vor0.8V. 


[2] tk and tr are defined as the transition time between Vox [min] and 
VoL [max]. 
[3] Load capacitance C_ includes the oscilloscope input capacitance. 


Output 




















10 ns/div 


CL = 210 pF 





Output 




















10 ns/div 
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V40™ MICROPROCESSOR APPLICATION 
Features 


The uPD70208 (also known as V40) is a high-perfor- 
mance 8-bit CMOS microprocessor featuring 16-bit 
architecture in the CPU, and including a number 
of other peripheral devices within the same chip. The 
CPU is equipped with a powerful set of instructions that 
cover bit processing and multiple-length, packed-BCD 
operations, high-speed multiplications and divisions, 
and variable-length bit and field manipulations. 


This device combines high-speed processing with 
flexibility in a variety of applications. The on-chip 
peripherals include a clock generator with a timer/ 
counter and programmable wait control, refresh con- 
trol, serial control, interrupt control, and DMA control 
units. In addition to allowing more compact micro- 
computer systems, the V40 has a simplified system 
design. 


When connected to the 4PD421000-series DRAMs, the 
V40 does not require an external refresh timer or 
other peripherals, which means a big reduction in the 
number of external devices required. 


Memory Mapping 


In the V40, memories of up to 1 megaword can be 
accessed using address information (Ag through Ag) 
output from the 20-bit address bus (figure 22). 


The first 1024 bytes, 0 through 3FFH, are allocated to 
interrupt vectors (although areas that cannot be used 
by the system can be used elsewhere). Addresses 
FFFFOH through FFFFBH are used for starting and 
resetting purposes; FFFFCH through FFFFFH are 
reserved for future use and cannot be used here. The 
remaining address space, 400H through FFFEFH, is 
not allocated and may be used as desired. 


As shown in figure 23, with a data bus width of 8 bits 
in the V40, CPU connections to the memory require 
only that the 20-bit address output from the CPU be 
accepted in the 1-megabyte address space. Byte data 
is accessed in one bus cycle, and word data is accessed 
in two bus cycles. 


V40 is a trademark of NEC Corporation. 
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Because of this simple connection requirement, it is 
only necessary to allocate the system control ROM to 
addresses of at least FFFFOH and disable the ROM-area 
RAM (since 1 megabyte is already taken up by eight 
1-megabit DRAMs). The method used may involve 
either deselecting the ROM-area RAM by a decoder, or 
executing bank switching to use the entire area as RAM 
area. The example included for this application shows 
the former method because it is simpler. 


Figure 22. V40 Memory Mapping 


Interrupt Vector Table 


FFFEFH 


titles 
FFFFBH baiabcdate 
FFFFFH 
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Figure 23. V40 Memory Interface 
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Hardware Configuration 


Since refresh addresses and the timing control outputs 
can be supported by programming on-chip circuits, 
the generation of RAS and CAS (or CS) timing is the 
only major DRAM support not provided directly by the 
V40 (figure 24). 


Memory Access Timing Generation 


Although V40 memory access timing can be generated 
fromeither the bus status or MWR/MRD, the uPD71088 
system bus controller is used in this application 
example to enable connections to slightly slower- 
speed memories. The RAS and CAS (or CS) signals are 
thus generated by decoding the bus status. 





NEC 


The RAS and CAS (or CS) generator is shown in figure 
25, and the operation timing in figure 26. To generate 
the control timing with this system controller, bus 
status signal BSo is sampled by-the CPU clock output 
(gout) at the rising edge of the T; cycle, and RAS is 
generated from FF2 at the falling edge of gout at the 
end of T1. The multiplex control signal (MPX) used in 
address switching during memory cycles is generated 
by RAS. After RAS is generated, it is delayed by the 
rising edge of the external 16-MHz clock to create MPX, 
which is then passed to the data selector input. 


As can be seen from figure 26, memory access time 
is equal to 2/f(@outT) — (tspx + TTL delay time). Even if 
an external clock of 16 MHz is used, a -12 device is 
sufficient (RAS access time in the -12 device is 120 ns). 


Figure 24. Hardware Configuration for the Use of 1M DRAMs 
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Figure 25. RAS and CAS (or CS) Timing Generator 
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Figure 26. RAS and CAS (or CS) Timing Sequence 
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Refresh Timing Generation 


Refreshing for the wPD421000, wPD421001, and 
uUPD421002 is executed by selecting 512 lines in 8 ms. 
In the V40, memory refreshing can be handled easily 
by outputting the REFRQ control signal and the Ag 
through Ag refresh addresses. These signals are con- 
trolled by programming the refresh control register 
(RFC), allocated to I/O address FFF2H (figure 27). 
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Figure 27, Programming of Refresh Control Register 











Refresh Control Register [RFC] 
[1 fofofo}a{sjo a) 


Refresh Timer Period 14 us 


MOV AW, 0000 


Refresh 
Enable 


MOV DW, FFF2H 


RFC Address 


OUT [DW], AW 


Refresh Interval, Refresh Enable Set 
[I/O Write] 


7 6 5 4 3 2 1 0 
PreT —[—] RTM RFC 
RE [Refresh Enable] RTM [Refresh Timer] 


RE [ Function | 
Po | Disable —_ 
Pa] enable 














Refresh Interval [us] = 8 x N x Clock Cycle Time [ys] 
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This function generates the REFRQ control signal in 
accordance with the programmed interval. In this 
application example, REFRQ is used to disable genera- 
tion of the CAS (or CS) clock during refresh cycles, 
thereby initiating RAS-only refreshing. Figures 28 and 
29 show how to generate memory addresses and how 
to control data input and output by using control 
signals generated by the RAS and CAS (or CS) timing 
generator. Figure 30 shows the timing for V40- 
generated refresh addresses. 





The programmed values for the control register appear 
in figure 27 (also refer to the ~PD70208/uPD70216 
_User's Manual). 


Authorization for the uPD70208/uPD70216 refresh con- 
trol unit to use the memory bus can be set either to top 
priority or lowest priority, depending on the hold status 
of the refresh request. Top priority is set if seven refresh 
requests are being held, and refreshing is executed 
consecutively until the number of requests is reduced 
to three. 


Although a wait interval of maximum duration (three 
clocks) is inserted by the built-in wait control unit, if a 
reset input is applied after power is applied, no wait 
interval need be inserted in actual applications. There- 
fore, the wait control register has to be reset when the 
V40 is used at 8 MHz. 


Wait control registers WCY2 (FFF6H), WCY1 (FFF5H), 
and WMB (FFF4H) write program data at these !/O 
addresses using an I/O write instruction (figure 31). 
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Figure 28. Memory Access Generation 
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Figure 30. Refresh Timing Cycle 
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Dummy Cycles Composite Schematic 


As explained previously, dummy cycles are required to Figure 32 shows the complete schematic. The V40 and 
charge certain internal voltage potentials to proper 1M CMOS DRAMs are included, as well as circuits to 
operating levels in the DRAM'’s internal circuits after | control timing and refreshing. 

power has been applied. 


in the following application example, these dummy 
cycles are implemented by executing eight write 
(or read) cycles, from OOOOH to 00007H, in the 
memory . 


MOV _AL,OO00H 
LOOP: MOV  (BL),0000H 


INC AL 
CMP AL,00007H 
JNZ LOOP 


Figure 31. Register Programming 


WCY1 [Wait Cycle Register 1] ....1/O Address FFF5y WCY2 [Wait Cycle Register 2] .... 1/O Address FFF6H 
7 6 5 4 3 2 1 1 0 


0 7 6 5 4 3 2 
| tow | umw | mmw | imw ] wert [-|-|=|]=-] omaw | Rew | weve 


tOW [I/O Wait] 

UMW [Upper Memory Block Wait] 

MMW [Middle Memory Block Wait] DMAW [DMA Wait] 
LMW [Lower Memory Block Wait] RFW [Refresh Wait] 


1OW/UMW/MMW/LMW | Number of Wait States DMAW/RFW | Number of Wait States 


0 [No Wait] 


WMB [Wait Memory Boundary Register] .. .. |/O Address FFF4y 
7 5 4 3 2 1 0 


| | LMB 


LMB [Lower Memory Block} 
UMB [Upper Memory Block] 


LMB/UMB | Memory Block Size 


64KB 


96KB 
128KB 





384KB 
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Figure 32. Composite Schematic 
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Static RAMs 


Static RAMs 


Section 7 
Static RAMs 


pPD46710 
16,384 x 10-Bit x 2 Static BICMOS RAM 


pPD46741 
8,192 x 20-Bit x 2 Static BICMOS RAM 


p»PD4361 
65,536 x 1-Bit Static CMOS RAM 


pPD4362 
16,384 x 4-Bit Static CMOS RAM 


pPD4363 
16,384 x 4-Bit Static CMOS RAM 


pPD43251 
262,144 x 1-Bit Static CMOS RAM 


pPD46251 
262,144 x 1-Bit Static BICMOS RAM 


pPD43254 
65,536 x 4-Bit Static CMOS RAM 


pPD43256A 
32,768 x 8-Bit Static CMOS RAM 


Additional New Product Information 


Device Number Description 

Static RAMs 

uPD4361 64K x 1-bit 

puPD4362 16K x 4 bits 
uPD4363 16K x 4 bits, with OE 
uPD4368 8K x 8 bits 

UPD4369 8K x 9 bits 
uPD43251 256K x 1 bit 
uPD43253 64K x 4 bits, with OE 
uPD43254 64K x 4 bits 
uUPD43258 32K x 8 bits 
UPD43259 32K x 9 bits 
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7-13 


7-21 


7-29 


7-37 


7-45 
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»PD43256B 
32,768 x 8-Bit Static CMOS RAM 


uPD43258 

32,768 x 8-Bit Static CMOS RAM 
uPD431000 

131,072 x 8-Bit Static CMOS RAM 
pPD431000A 

131,072 x 8-Bit Static CMOS RAM 
»#PD431001 

1,048,576 x 1-Bit Static CMOS RAM 
pPD431004 

262,144 x 4-Bit Static CMOS RAM 
Application Note 50 

Battery Backup Circuits for SRAMs 


Application Note 90-04 
Battery Backup Using NEC’s Supercaps 


Comments 


New speeds to 12 ns 

New speeds to 12 ns 

New speeds to 12 ns 

New device, with speeds to 15 ns 

New device, with speeds to 15 ns 
_ New speeds to 15 ns 

New device, with speeds to 15 ns 

New speeds to 15 ns 

New speeds to 20 ns 


New device 


7-65 
7-75 
7-83 
7-93 
7-105 
7-113 
7-121 
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PRELIMINARY INFORMATION 


Description 


The uPD46710 is a high performance static BiCMOS 
RAM organized as 16,384 x 10 bits x 2 instructions and 
designed for use as a high-speed cache memory. The 
uUPD46710 integrates two 16,384 x 10-bit SRAM cores 
with associated address latches and control signals 
that can be used to implement an instruction/data 
cache for a MIPS R3000 RISC system. 


Features 


Fast access times of 15 ns and 20 ns 
16,384 x 10-bit x 2 organization 
On-chip address latches 

On-chip instruction/data caches 
Fully static read/write operation 
52-pin PLCC packaging 


o6ooongdoo ogo 


Ordering Information 


Part Number Access Time Package 

MPD46710LN-15 15 ns 52-pin PLCC 
LN-20 20 ns 

Pin Identification 

Symbol Function 

Ao - A13 Addresses 

ALE9 - ALE, Address latch enable 

Do - Dg Data inputs/outputs 

LCE, LCE Latch chip enable 

CEQ - OF, Output enable 

WE - WE, Write enable 

Voc 5-volt power supply 

Vss Ground 

NC No connection 





pPD46710 
16,384 x 10-Bit x 2 
Static BiCMOS RAM 


Pin Configuration 


52-Pin PLCC 


u.PD46710 
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Please contact your NECEL representative for a copy of the complete data sheet. 
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HPD46710 KE 


Block Diagram 
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PRELIMINARY INFORMATION 


Description 


The uPD46741 is a high performance BiCMOS static 
RAM organized as 8,192 x 20 bits x 2 instructions and 
designed to be used as a high-speed cache memory. 
The uPD46741 integrates two 8,192 x 20-bit SRAM cores 
with associated address latches and control signals 
that can be used to implement an instruction/data 
cache for a MIPS R3000 RISC system. 


Features 


O Fast access times of 15 ns and 20 ns 
O 8,192 x 20-bit x 2 organization 

OQ On-chip address latches 

O On-chip instruction/data caches 

Q Fully static read/write operation 

QO 68-pin PLCC packaging 


Pin Configuration 


68-Pin PLCC 


pPD46741 
8,192 x 20-Bit x 2 
Static BICMOS RAM 


Ordering Information 


Part Number Access Time Package 

uPD46741LP-15 15 ns 68-pin PLCC 
LP-20 20 ns 

Pin Identification 

Symbol Function 

Ag - Aye Addresses 

ALEg - ALE, Address latch enable 

Do - Dig Data inputs/outputs 

LCE, LCE Latch chip enable 

OEp - OF, Output enable 

WE - WE, Write enable 

Voc +5-volt power supply 

Veca +5-volt power supply 

Vss Ground 

Vssoq Ground 

NC No connection 


pPD46741 
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Please contact your NECEL representative for a copy of the complete data sheet. 
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Block Diagram 





LCE LCE Address 


8,194 x 20 8,194 x 20 
Array 0 Array 1 


Sense Sense Read / 


Write ii pi Write 
. Control Amplifiers Amplifiers C = 
iaances i | Multiplexer i @iai 


Output 
Buffer, 


83RD-7315B 
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NEC poe 
65,536 x 1-Bit 


NEC Electronics Inc. Static CMOS RAM 





Description Pin Configurations 


The »PD4361 is a 65,536-word by 1-bit static RAM  29_pin plastic DIP 
fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the »PD4361 a high- 
speed device that requires very low power and no clock 
or refreshing. 


The device is packaged in a 22-pin plastic DIP and 22-pin 
ceramic leadless chip carrier and has two types of 
access times, address and chip select. In addition, the 
p»PD4361C-L features low-power data retention. 


Features 


65, 536 x 1-bit organization calnscalaa 
Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Separated data input and output 

Three-state outputs 

Data retention current of 50 nA max available from 
-L versions only 

Standard 22-pin plastic DIP and ceramic LCC 
Standard JEDEC pin configurations 





gooonodanoa nog 


oo 


Ordering Information 





Part Number Access Time (max) Package 
pPD4361C-45 45ns 22-pin plastic DIP 
C-55 55 ns 
C-70 70 ns 
pPD4361C-45L 45 ns 
C-55L 55 ns BaIMic250A 
or mons in Identification 
pPD4361K-40 40ns 22-pin ceramic LCC 
=. «=. Symbo! Function 
K5E Reine Ag - Ags Address inputs 
Din Data input 
Dout Data output 
Cs Chip select 
WE Write enable 
GND Ground 
Voc +5-volt power supply 
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NEC 





Absolute Maximum Ratings 


Supply voltage, Vcc ~0.5 to +7.0V 
Input voltage, Vy (Note 1) ~0.5to +7.0V 
Operating temperature, Topr (Note 2) Oto +70°C 
Storage temperature, Tstq (Note 3) -55 to +125°C 
Power dissipation, Pp 10W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Notes: 

(1) Vin = -8.0 V minimum for 20 ns maximum pulse. 
(2) Topr for 4361K = -10 to +85°C. 

(8) Tsrq@ for 4861K = -65 to +150°C. 


Truth Table 


Function ts WE Input/Output lec 
Not selected H xX High-Z Standby 
Read — L H Dout Active 
Write L L High-Z Active 
Block Diagram 


Address 
Buffer 


Row 
Decoder 


Input 
Data 
Control 
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Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Veo 45 5.0 5.5 Vv 
Input voltage, high Vin 2.2 Voc +05 V 
Input voltage, low Vie 05 0.8 Vv 
Operating temperature Ta 0 70 °C 
Notes: 

(1) Vy_ = -3.0 V minimum for 20 ns maximum pulse. 
Capacitance 

Ta = 25°C; f = 1 MHz; Vin and Vout = 0V (Note 1) 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 5 pF 
Output capacitance Cpout 7 pF 
Notes: 


(1) This parameter is sampled and not 100% tested. 


Memory Cell 
Array 
256 Rows 
x 256 Columns 


Sense Switch 
Output 
Data 


Column Control 


Decoder 


Address Buffer 


Aq As Ag Az Ag Ag Aig Att 





831H-6251B 


N: KE C pPD4361 


DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 








Parameter Symbol! Min Typ Max Unit Test Conditions 
Input leakage current lu -2 pA Vin = OV to Voc 
Output leakage current lLo -2 tA = Vout = OV to Voc; CS = Vin 
Operating supply current loc 120 mA CS = Vis Ipour = OMA . 
Standby supply current ~ Isp mA CS = Vin 
Isp4 2 mA CS = Voc -0.2V; Vin s 0.2 Vor 2 Voc -0.2V 
Output voltage, low VoL 0.4 Vv lo. = 8.0mA 
Output voltage, high Vor 2.4 Vv lon = —4.0mA 


AC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10% 


pPD4361-40 = =PD4361-45 =pPD4361-55 sPD4361-70 








Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 
Read Operation 
Read cycle time trc 40 45 55 70 ns (Note 2) 
Address access time taa 40 45 55 70 ns 
Chip select access time tacs 40 45 55 70 ns 
Output hold from address change = toy 5 5 5 5 ns 
_ Chip select to output in low-Z tLz 5 5 5 5 ns _—_ (Note 3) 
Chip deselect to output in high-Z tyz 0 22 0 25 0 30 0 30 ns (Note 4) 
Chip select to power-up time tpy 0 0 0 0 “ons 
Chip deselect to power-down time = tpp 0 27 0 30 0 40 0 40 ns 
Write Operation 
Write cycle time two 40 45 55 70 ns (Note 2) 
Chip select to end of write tow 37 40 50 60 ns 
Address valid to end of write taw 37 40 50 60 ns 
Address setup time tas 0 0 0 0 ns 
Write pulse width twp 23 25 30 40 ns 
Write recovery time twr 0 0 0 0 ns 
Data valid to end of write tpw 23 25 25 30 ns 
Data hold time tou 0 0 0 0 ns 
Write enable to output in high-Z twz 0 22 0 25 0 25 0 30 ns (Note 4) 
Output active from end of write tow 0 0 0 0 ns (Note 3) 
Notes: 
(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall times (8) _ Transition is measured at +200 mV from steady-state voltage 
= 5ns; timing reference levels = 1.5 V; see figures 1 and 2 for with the loading shown in figure 2. 
output load. (4) Transition is measured at Vo, + 200 mV and Voy — 200 mV with 
(2) All read cycle timings are referenced from the last valid address to the loading shown in figure 2. 


the first transitioning address. 


7T- 
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Low Vcc Data Retention Characteristics (for -L Version Only) 





Ta = Oto 70°C 

Parameter Symbol Min Typ Max Unit Test Conditions 

Data retention supply voltage Vocpr 2.0 5.5 Vv CS = Voc - 0.2 V; Vin = Veco - 0.2 V or 
OVs Vn 5 02V 

Data retention supply current Iocpr 1 50 pA Voc = 3.0V; CS = Voc - 0.2 V; 
Vin = Voc -O.2Vor0V = Vin s 0.2V 

Chip deselect to data retention tcpr 0 ns 

Operation recovery time ta tac ns 





Data Retention Timing 


5V 
45V —-— — 
Voc 
Viq — 7 7 
VecDR — — 7 


CS2Voc-0.2V 


831H-62598 
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Figure 1. Output Load 


*including Scope and Jig 





831H-5773B 


Figure 2. Output Load for tyz, t.z, twz, and tow 


*Including Scope and Jig 


831H-5774B 
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Timing Waveforms 


Address Access Cycle 


Address 


Previous Data Valid 


Notes: 
[1] WE is held high for a read cycle. 


[2] The device is continually selected, where CS = VIL: 
831H-5775B 





Chip Select Access Cycle 


High Impedance 


Impedance 


Notes: 
[1] WE is held high for a read cycle. 
[2] Address valid prior to or coincident with the low transition of CS. 





831H-6252B 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


| iN 





pPD4361 


we 


tDH 
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Timing Waveforms (cont) 
€S-Controlled Write Cycle 
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NEC 


NEC Electronics Inc. 


pPD4362 
16,362 x 4-Bit 
Static CMOS RAM 





Description 


The pPD4362 is a 16,384-word by 4-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design using CMOS peripheral circuits and N- 
channel memory cells with polysilicon resistors makes 
the »PD4362 a high-speed device that requires very low 
power and no clock or refreshing. 


The pPD4362 is packaged in a standard 22-pin plastic 
DIP. 


Features 


© Single +5-volt power supply 

Q Fully static operation—no clock or refreshing 
O TTL-compatible inputs and outputs 

2 Common I/O capability 

QO Standard 300-mil, 22-pin plastic DIP packaging 


Ordering Information 


Part Number Access Time (max) Package 
#PD4362C-45 45 ns 22-pin plastic DIP 
C-55 55 ns 
C-70 70 ns 
0058 


New speeds to 12 ns will be available in 1991. 


Pin Configuration 


22-Pin Plastic DIP 





Pin Identification 


Symbol Function 

Ag - Aig Address inputs 

04 - Og Data Inputs and outputs 
cs Chip select 

WE Write enable 

GND Ground 

Voc +5-volt power supply 
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Absolute Maximum Ratings Capacitance 

Supply voltage, Vo st=<“i«i‘*™*™*”*”*C*C OS KO TOV Ta = 25°C; f = 1 MHz (Note 1); Vin and Vpout = OV 

Input and output voltages, Va, (Note 1) ==S=S*«<C«~C St +7. Parameter Symbol Min Typ Max _— Unit 
Operating temperature, Toppa = tt=(<~*i‘é™S™*;*C KO TO Input capacitance Cn 5 pF 
Storagetemperature, Tsyqsti(“(“‘é‘séDt~*#*#«~ BS tO + 125°C Output capacitance = Cpour 7 pF 
Power dissipation, Pp 1.0W Notes: ; * Tee 


Exposure to Absolute Maximum Ratings for extended periods may (1) This parameter is sampled and HetsQo% teste, 


affectdevice reliability; exceeding the ratings could cause permanent 


damage. The device should be operated within the limits specified Recommended Operating Conditions 














under DC and AC Characteristics. Parameter Symbol Min Typ Max Unit 

Notes: i Supply voltage Voo 45 #50 55  #&4z4+YV 

(1) Vin = -3.0 V for 20 ns pulse. Input voltage, high Vin 2.2 Voc + 0.3 V 
Input voltage, low Vit -0.5 0.8 Vv 

Truth Table Operating temperature Ta 0 70 °C 

Function CE WE Input/Output loc Notes: 

Not sélected H X High-Z Standby (1) Vy, = -8.0 V for 20 ns pulse. 

Read L H Dout Active 

Write L L Din Active 

Notes: 


(1) X = don't care. 


Block Diagram 


Address Row Memory Cell Array 


256 Rows 
Buffer Decoder 64 x 4 Columns 


Input 


Sense/Switch 
Data 


Control Column Decoder 


Address 
Buffer 


Az Aq Ag Ag Az Ag 


83IH-6254B 
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DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current th -2 2 pA Vin = OV to Voc; Voc = max 
Output leakage current lo -2 2 pA Vout = 0V to Voc; CS = Vini Voc = max 
Operating supply current loc 90 mA CS = Vis Ipour = OMA 
Standby supply current Isp 20 mA CS = Vin 
Isp1 2 mA CS = Voo- 0.2 V; Vin s 0.2 Vor = Vocg-0.2V 
Output voltage, low. Vo. 0.4 Vv lo. = 8.0mA 
Output voltage, high Vou 2.4 Vv lon = -4.0mA 





AC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10% 





pPD4362-45 pPD4362-55 pPD4362-70 











Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Read Operation 

Read cycle time trac 45 55 70 ns (Note 2) 

Address access time taa 45 55 70 ns 

Chip selection access time tacs 45 55 70 ns 

Output hold from address change ton 5 5 5 ns 

Chip selection to output to low-Z _tiz 5 5 5 ns (Note 3) 

Chip deselection to output to high-Z tyz 0 25 0 25 0 30 ns (Note 4) 

Chip selection to power-up time tpy 0 0 0 ns 

Chip deselection to power-down time tpp 0 45 0 55 0 55 ns 

Write Operation 

Write cycle time two 45 55 70 ns (Note 2) 

Chip selection to end of write tcw 40 50 60 ns 

Address valid to end of write taw 40 50 60 ns 

Address setup time tas ce) 0 0 ns 

Write pulse width twp 40 50 60 ns 

Write recovery time twr 0 0 0 ns 

Data valid to end of write tow 20 25 30 ns 

Data hold time ton 0 0 0 ns 

Write enable to output in high-Z twz 0 20 0 25 0 30 ns (Note 4) 

Output active from end of write tow 0 0 0 ns (Note 3) 

Notes: 

(1) Input pulse levels = GND to 3.0 V; input pulse rise and falltimes (8) Transition is measured at +200 mV from steady-state voltage 
= 5ns; timing reference levels = 1.5 V; see figures 1 and 2 for with the loading shown in figure 2. 
output load. (4) Transition is measured at Vo, + 200 mV and Voy — 200 mV with 

(2) Allread cycle timings are referenced from the last valid address to the loading shown in figure 2. 


the first transitioning address. 
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Figure 1. Output Load 








*Including Scope and Jig 


831H-4832A 


Figure 2. Output Load for tyz, t.z, twz, and tow 





*Including Scope and Jig 


83IH-4831A 
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Timing Waveforms 





Address Access Cycle 


Address Adcress Valid 


Previous Data Valid XXX KK KKK 
Notes: 


[1] WE is held high for a read cycle. 
[2] The device is continually selected, where CS = Vj,. 





83IH-5775B 


Chip Select Access Cycle 


i Impedance / 
High Imped OOK KKK g ——atavais «= YX Impedance 


Data Valid 
ae 


Voc 
Supply 
Current 831H-6252B 


Notes: 
[1] WE is held high for a read cycle. 
[2] Address is valid prior to or coincident with the low transition of CS. 





ress 





pPD4362 NE C 


Timing Waveforms (cont) 
WE-Controlled Write Cycle 


+» TTL == XE 


Datain Vad [7 
wz tow : 
ro Meee LLL} 
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Timing Waveforms (cont) 
CS-Controlled Write Cycle 
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NEC Electronics Inc. 


Description 


The »PD4363 is a 16,384-word by 4-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design using CMOS peripheral circuits and N- 
channel memory cells with polysilicon resistors makes 
the »PD4363 a high-speed device that requires very low 
power and no clock or refreshing. 


The »PD4363 is packaged in a standard 300-mil, 24-pin 
plastic DIP. 


Features 


Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common 1/0 capability 

OE eliminates the need for external bus buffers 
Three-state outputs 

Low power dissipation 

— 90 mA max (active) 

— 2 mA max (standby) 

QO §tandard 300-mil, 24-pin plastic DIP packaging 


gooaqgqguganadn 


Ordering Information 


Part Number Access Time (max) Package 


pPD4363C-45 45 ns 24-pin plastic DIP 
C-55 55 ns 
C-70 70 ns 


60059 New speeds to 12 ns will be available in 1991. 





puPD4363 
16,364 x 4-Bit 
Static CMOS RAM 


Pin Configuration 
24-Pin Plastic DIP 


831H-6255A 


Pin Identification 


Symbol Function 

Ao- Ai3 Address inputs 

VO - Og Data inputs and outputs 
cs Chip select 

OE Output enable 

WE Write enable 

GND Ground 

Voc +5-volt power supply 
NC No connection 
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Absolute Maximum Ratings 


Supply voltage, Voc -0.5 to +7.0V 
input and output voltages, Vij (Note 1) -0.5 to +7.0V 
Operating temperature, Topa Oto +70°C 
Storage temperature, Tstq -—55 to +125°C 
Power dissipation, Pp 1.0W 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Notes: 
(1) Vin (min) = -3.0 V for 20 ns pulse. 


Capacitance 
Ta = 25°C; f = 1 MHz; Vin and Voyury = 0V (Note 1) 


Symbol Min Typ Max Unit 
Input capacitance Cin 5 pF 
Cpout 7 pF 


Parameter 


Output capacitance 


Notes: 
(1) This parameter is sampled and not 100% tested. 


7-22 


Recommended Operating Conditions 

















Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 Vv 
Input voltage, low ViL ~0.5 0.8 © Vv 
Operating Ta 0 70 °C 
temperature 

Notes: ; 

(1) Vi. = -8.0 V for 20 ns pulse. 

Truth Table 

Function CS WE OE Input/Output Ice 
Not selected “H xX xX High-Z Standby 
Read L H L Dout Active 
Dour disabled L H H High-Z Active 
Write L L x Din Active 





NEC 


Block Diagram 





pPD4363 


Memory Cell Array 
— 256 Rows 
64 x 4 Columns 


Column Decoder 


Output 
Data 
Control! 


Address 
Buffer 


Ag Aq As Ag Az Ag 
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DC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10% 
Parameter Symbol! Min Typ Max Unit Test Conditions 
Input leakage current lot -2 2 pA Vin = OV to Voc; Voc = max 
Output leakage current lLo -2 2 pA Vout = 0V to Voc; 
CS or OE = Vin: Voo = max 
Operating supply current loc 90 mA CS = Vii Ipour = OMA 
Standby supply current Isp 20 mA CS = Vin 
Isp4 2 mA CS = Voc-0.2V; Vin s 0.2 Vor 2 Voo-0.2V 
Output voltage, low VoL 0.4 Vv lo. = 8.0mA 
Output voltage, high Vou 2.4 Vv lon = -4.0mA 
AC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10% 
»PD4363-45 pPD4363-55 pPD4363-70 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Read Operation 
Read cycle time tac 45 55 70 ns (Note 2) 
Address access time taa 45 55 70 ns 
Chip select access time tacs 45 55 70 ns 
Output hold from address change ton 5 5 5 ns 
Chip select to output in low-Z tz 5 5 5 ns (Note 3) 
Chip deselect to output in high-Z tyz 20 25 0 30 ns (Note 4) 
Output enable access time tog 20 25 30 ns 
Output enable to output in low-Z toLz 5 5 5 ns {Note 3) 
Output disable to output in high-Z tonz fe) 25 0 30 0 35 ns {Note 4) 
Chip select to power-up time tpy 0 0 0 ns 
Chip deselect to power-down time tpp 0 30 0 40 0 40 ns 
Write Operation 
Write cycle time two 45 55 70 ns (Note 2) 
Chip select to end of write tow 40 50 60 ns 
Address valid to end of write taw 40 50 60 ns 
Address setup time tas 0 0 0 ns 
Write pulse width twp 40 50 60 ns 
Write recovery time twr 0 0 0 ns 
Data valid to end of write tow 20 25 30 ns 
Data hold time tou 0 0 0 ns 
Write enable to output in high-Z twz 0 20 0 25 0 30 ns (Note 4) 
Output active from end of write tow 0 0 ns (Note 3) 
Notes: 
(1) Input pulse levels = GND to 3.0 V; input pulse rise and falltimes (8) _ Transition is measured at +200 mV from steady-state voltage 

= 5ns; timing reference levels = 1.5; see figures 1 and 2 for with the loading shown in figure 2. 

output load. (4) Transition is measured at Vo, + 200 mV and Voy — 200 mV with 
(2) All read and write cycle timings are referenced from the last valid the loading shown in figure 2. 


address to the first transitioning address. 
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Figure 1. Output Load 


*Including Scope and Jig 





Figure 2. Output Load for tyz, t.z, tonz, toiz, twz, and tow 


“Including Scope and Jig 





831H-4831A 
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Timing Waveforms (cont) 





Address Access Cycle 


Address Address Valid 


Previous Data Valid Data Valid 


Notes: 
[1] WE is held high for a read cycle. 
[2] The device is continually selected, where CS = OF = Vj. 





83IH-6269B 


Chip Select Access Cycle 


High Impedance Z OOXKKKKRAK Batavia Impedance 
tPU 


tHZ 
ta Valid 


Voc 
Supply 
Current 


Notes: 

(1] WE is held high for a read cycle. 

[2] Address valid prior to or coincident with the low transition of cs. 
3] OE = VIL. 





83/H-6270B 
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Timing Waveforms (cont) 
OE-Controlled Access Cycle 


tac 


Address Address Valid 


High Impedance 


Notes: 
[1] WE is puseecle’ raread cycle. 
[2] The device is continually selected, wher: eCS= ViL- 


WIM UMMM, 


twR 


tDH 


Data-in Valid 


|—1w2 4 —row 


Notes: 

[1] CS or WE must be high dur ek address transition, 

{2] If OE is high, the I/O pins remain in high impedance. 

[3} reat hah riod, the I/O pin wees e active (OE low). Therefore, data 
input s of opposite polarity to the outputs must not be applied. 
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Timing Waveforms (cont) 





CS-Controlled Write Cycle 


Address 


tow 


Data-in Valid 
Le ees 


Notes: 
[1] CS or WE must be high during address transition. 
(2] If OE is high, the I/O pins remain in high impedance. 


[3] During this period, the /O pins may be active (OE low). Therefore, data 
input signals of opposite polarity to the outputs must not be applied. 





83IH-6273B 
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NEC Electronics Inc. 


Description 


The »PD43251 is a 262,144-word by 1-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design that uses CMOS peripheral circuits and 
N-channel memory cells with polysilicon resistors 
makes the uPD43251 a high-speed device that requires 
no clock or refreshing. The »PD43251 is available in 
24-pin plastic DIP or 24-pin plastic SOJ packaging. 


Features 


QO 262,144-word x 1-bit organization 

QO Single +5-volt power supply 

Q Fully static operation—no clock or refreshing 
required 

QO TTL-compatible inputs and outputs 

QO Separated data input and output 

CO Three-state outputs 

© Power dissipation 
— 100 mA max (active) 
— 2 mA max (standby) 

0 Standard 300-mil, 24-pin plastic DIP or plastic SOJ 
packaging 


Ordering Information 


Access 
Part Number Time (max) Package 
pPD43251C-35 35 ns 24-pin plastic DIP 
C-45 45 ns 
C-55 55 ns 
pPD48251LA-35 35 ns 24-pin plastic SOJ 
LA-45 45ns 
LA-55 55 ns 


60012 





New speeds to 15 ns will be available in 1991. 


pPD43251 
262,144 x 1-Bit 
Static CMOS RAM 


Pin Configuration 
24-Pin Plastic DIP or SOJ 


eat 
w 
N 
oe) 
x 
Oo 
a 
= 


83IH-S771A 


Pin Identification 


Symbo! Function 

Ao - A17 Address inputs 

Din Data input 

Dout Data output 

cs Chip select 

WE Write enable 

GND Ground 

Voc +5-volt power supply 
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Absolute Maximum Ratings 





Power supply voltage, Voc -0.5 to +7.0V 
Input voltage, Vin (Note 1) -0.5to +7.0V 
Output voltage, Vout -0.5 to +7.0V 
Operating temperature, Topr - Oto +70°C 
Storage temperature, Tstg -55 to + 125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Notes: 
(1) Vin = ~3.0 V min for 20 ns maximum pulse. 








Truth Table 

ts WE Function Dour lec 

H xX Not selected High-Z Standby 
L H Read Output data Active 
L L Write High-Z Active 
Block Diagram 


Address 
Buffer 


Row 
Decoder 


Input 
Data 
Control 


Column 
Decoder 














Capacitance 

TA = +25°C; f = 1 MHz (Note 1); Viy and Voyrt = OV 

Parameter Symbol Min Typ Max Unit 
Input capacitance C, 6. pF 
Output capacitance Co 8 pF 
Notes: 

(1) This parameter is sampled and not 100% tested. 
Recommended Operating Conditions 

Parameter ‘Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 Vv 
Input voltage, low Vit -0.5 0.8 Vv 
(Note 1) 

Input voltage, high Vi 2.2 Voor +03 #V 
Ambienttemperature Ta 0 70 


Notes: 


(1) Vit = -3.0 V min for 20 ns maximum pulse. 


Memory Cell Array 


256 Rows 
1024 Columns 


Output 
Data 
Control 


Address 
Buffer 


AgeeAg Aioe eee Ais 
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DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 




















Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current lu -2 2 pA Vin = OVto Voc 
Output leakage current lLo ~2 2 pA Vout = OV to Voc; CS = Vin 
Operating supply current loc 100 mA CS = Vis lour = OmA 
Standby supply current Isp 30 mA CS = Vis Vn = Vn OF Mi 
Ispi 2 mA CS = Voc - 0.2 V; Vin s 0.2V or = Veg -0.2V 
Output voltage, low Vo. 0.4 Vv lo. = 8.0 mA 
Output voltage, high Vou 2.4 Vv lon = —4.0 mA 





AC Characteristics 
TA = Oto +70°C; Vog = +5.0V + 10% 





pPD43251-35 @PD43251-45 pPD43251-55 

















Parameter Symbol Min Max Min Max Min Max Unit Test Conditions (Note 1) 

Read Operation 

Read cycle time tac 35 45 55 ns (Note 2) 

Read access time taa 35 45 55 ns 

Chip select access time tacs 35 45 55 ns 

Output hold from address change = toy 5 5 5 ns 

Chip select to output in low-Z toLz 5 5 5 ns (Note 3) 

Chip deselect to output in high-Z tcnz 0 15 0 20 0 25 ns (Note 4) 

Write Operation 

Write cycle time two 35 45 55 ns (Note 2) 

Chip select to end of write tow 30 40 50 ns 

Address valid to end of write taw 30 40 50 ns 

Address setup time tas 0 0 0 ns 

Write pulse width twp 25 35 45 ns 

Write recovery time twr 0 0 0 ns 

Data valid to end of write tow 15 20 25 ns 

Data hold time tow 0 ns 

Write enable to output in high-Z twuz 0 15 0 20 0 25 ns (Note 4) 

Output active from end of write tow 0 ns (Note 3) 

Notes: 

(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall time (8) The transition is measured +200 mV from steady-state voltage 
= 5ns; timing reference levels = 1.5 V; see figures 1 and 2 for the with the loading shown in figure 2. 
Output oad. (4) The transition is measured at Vo, + 200 mV and Voy - 200 mV 

(2) All read and write cycle timings are referenced from the last valid with the loading shown in figure 2. 


address to the first transitioning address. 
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Figure 1. Outputioad 


“Including Scope and Jig 
a3IH-57738 





Figure 2. Output Load for tcnz tciz tow, and twuz 


“Including Scope and Jig 





831H-5774B 
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Timing Waveforms 


Address Access Cycle 


Address 


Previous Data Valid XXX) 


Notes: 
[1] WE is held high for a read cycle. 


[2] The device is continually selected, where CS = Vj. 
831H-5775B 





Chip Select Access Cycle 


igh Impedance \/ Y i 
i sommes _$_ OOK ae) 


Notes: 
(1] WE is held high for a read cycle. 
[2] Address valid prior to or coincident with the low transition of CS. 
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Timing Waveforms (cont) 





WE-Controlled Write Cycle 


LL 


NN 


'DH 
tow 


Le —twez tow 


. High Impedance 
Data Undefined 


Notes: 


[1] CS or WE must be high during address transition. 
[2] A write cycle occurs during the overlap of alow CS and a low WE. 
[3] twRis measured between CS or WE, whichever rising edge occurs first, and the end of two. 
831H-57778 
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Timing Waveforms (cont) 
CS-Controlled Write Cycle 


Address Address Valid 


AAA WLLL LLL LLLLLLLL 


'pw 


Data-in Valid 


High Impedance 
Data Undefined 


Notes: 


[1] CS or WE must be high during address transition. 
[2] A write cycle occurs during the overlap of a low CS anda low WE. 
[3] twRis measured between CS or WE, whichever rising edge occurs first, and the end of two. 
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NEC 


NEC Electronics Inc. 


Description 


The pPD46251 is a 262,144 x 1-bit static RAM featuring a 
fast access time made possible by ultra-high-speed 
BiCMOS technology. Fully static operation requires no 
external clock or refreshing. A chip select (CS) power 
down function guarantees low power consumption of 10 
mA while the device is in standby. 


The »PD46251 is packaged in a 24-pin plastic SOJ. 


Features 


Fast access times of 20 and 25 ns maximum 
Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 
Separated data input and output 

Three-state outputs 

Low power dissipation 

— 140 mA max (active) 

— 10 mA max (standby) 

Q Standard 24-pin plastic SOJ packaging 


oonoaodaoaa 


Ordering Information 

Part Number 

#PD46251LA-20 
LA-25 


Access Time (max) 
20 ns 
25 ns 


Package 
24-pin plastic SOJ 


60013 





uPD46251 
262,144 x 1-Bit 
Static BiCMOS RAM 


Pin Configuration 
24-Pin Plastic SOJ — 


Sens 
Ww 
N 
© 
Tt 
Q 
a 
a 


831H-5781A 


Pin Identification 


Symbol Function 

Ao - Ai7 Address inputs 

Din - Data input 

Dout Data output 

cs Chip select 

WE Write enable 

GND Ground 

Voc +5-volt power supply 
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Absolute Maximum Ratings 


Power supply voltage, Voc -0.5to +7.0V 
Input voltage, Viy (Note 1) -~0.5to +7.0V 
Output voltage, Vout ~0.5 to +7.0V 
Operating temperature, Topa / Oto +70°C 
Storage temperature, Tstq -55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should’ be operated within the limits specified 
under DC and AC Characteristics. 


Notes: 
(1) Vin = ~3.0 V min for a 20 ns maximum pulse. 





Truth Table 

Function or WE Dour lec 
Not selected H xX . High-Z Standby 
Read L H Output data Active 
Write L L High-Z Active 
Block Diagram 


Row 
Decoder 


Address 
Buffer 


{Input 
Data 
Control 





Capacitance 

Ta.= +25°C; f = 1 MHz (Note 1); Vin and Voyt = OV 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cw oe pF 
Output capacitance Cout . 8 pF 
Notes: 
(1) ‘This parameter is sampled and not 100% tested. 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 4.5 5.0 55  V 
Input voltage, low Vi -0.5 0.8. Vv 
Input voltage, high Vin 2.2 Voo +03 V 
Operating temperatue Ta 0 70 °C 
Notes: 


(1) Vii = -3.0 V min for 20 ns maximum pulse. 


Memory Cell Array 


256 Rows 
1024 Columns 


Output 
Data 


Col 
ee Control 


Decoder 


Address 
Buffer 


AgeeAg Aioe eee Ais 
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DC Characteristics 
Th = Oto +70°C; Voc = +5.0V + 10% 

















Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current lu -2 2 pA Vin = 0 V to Voc; Voc = Voc (max) 
Output leakage current lLo -20 20 pA Vout = 0V to Voc; CS =Viz; 
Voc = Voc (max) 
Operating supply current = I¢c 140 mA CS = Vis lour = OmA 
Standby supply current Isp 40 mA CS = Vin Vin = Vin OF Mi 
Isp4 10 mA CS = Voc -0.2 V; Vin < 0.2 Vor = Voo-0.2V 
Output voltage, low VoL 0.4 Vv lo. = 8.0 mA 
Output voltage, high VoxH 2.4 Vv lon = -4.0 mA 
AC Characteristics 
Tr = Oto +70°C; Vocg = +5.0V + 10% 
»PD46251-20 pPD46251-25 
Parameter Symbol “Min Max Min Max Unit Test Conditions (Note 1) 
Read Operation 
Read cycle time trac 20 25 ns (Note 2) 
Address access time taa 20 25 ns 
Chip select access time tacs 20 25 ns 
Output hold from address change tou 3 3 ns 
Chip select to output in low-Z tcLz 3 3 ns (Note 3) 
Chip deselect to output in high-Z tcHz c¢) 10 0 13 ns (Note 4) 
Write Operation 
Write cycle time two 20 25 ns (Note 2) 
Chip select to end of write tow 17 20 ns 
Address valid to end of write taw 17 20 ns 
Address setup time tas 0 0 ns 
Write pulse width twe 17 20 ns 
Write recovery time twa 3 3 ns 
Data valid to end of write tow 12 15 ns 
Data hold time too 0 0 ns 
Write enable to output in high-Z twHz e) 10 0 13 ns (Note 4) 
Output active from end of write tow 0 0 ns (Note 3) 
Notes: 
(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall time (8) The transition is measured +200 mV from steady-state voltage 
= 3ns; timing reference levels = 1.5 V; see figures 1 and 2 for the with the loading shown in figure 2. 
curpuresd: (4) The transition is measured at Vo, + 200 mV and Voy - 200 mV 
(2) All read and write cycle timings are referenced from the last valid with the loading shown in figure 2. 


address to the first transitioning address. 
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Figure 1. Output Load 





*Including Scope and Jig 





831H-5773B 


Figure 2. Output Load for tcnz, tc.z tow, and twuz 





*Including Scope and Jig 


831H-5774B 
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Timing Waveforms 


Address Access Cycle 


Address 


Previous Data Valid ; XY’ 


WV VV VV 


Notes: 
[1] WE is held high for a read cycle. 
[2] The device is continually selected, where CS = VIL: 


Chip Select Access Cycle 


Notes: 


[1] WE is held high for a read cycle. 
[2] Address valid prior to or coincident with the low transition of CS. 


pPD46251 





831H-5775B 





831H-5776B 
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Timing Waveforms (cont) 





WE-Controlled Write Cycle 


Address Address Valid 


UN: WAM, 


'DH 
tow 


High Impedance 
Data Undefined 


Notes: 


[1] CS or WE must be high during address transition. 
[2] A write cycle occurs during the overlap of a low CS and a low WE. 
(3] twrRis measured between CS or WE, whichever rising edge occurs first, and the end of two. 
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Timing Waveforms (cont) 





CS-Controlled Write Cycle 


Address Address Valid 


AYO WLLLLLLLLILLLLLLLLL 


| tpw 


Data-in Valid 


; High Impedance 
Data Undefined 


Notes: 


[1] CS or WE must be high during address transition. 
[2] A write cycle occurs during the overlap of a low CS and a low WE. 
[3] twRis measured between CS or WE, whichever rising edge occurs first, and the end of two. 





7-43 


pPD46251 NE Cc 


7-44 


NEC er 
65,536 x 4-Bit 


NEC Electronics Inc. Static CMOS RAM 


Description Pin Configurations 


The uPD43254 is a 65,536-word by 4-bit static RAM 24-_pin Plastic DIP 


fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the uPD43254 a high- 
speed device that requires very low power and no clock 
or refreshing. 


The uPD43254 is available in standard 24-pin plastic 
DIP and SOJ packaging. 


Features 


boouaoadna 


QO 


Ordering Information 


t+ 
re) 
N 
iy] 
+ 
Q 
oo 
=a 


65,536-word x 4-bit organization 

Single + 5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common I/O capability 

Low power dissipation 

— 120 mA max (active) 

—2mA max (standby) 

Standard 24-pin plastic DIP and SOJ packaging 


83H-6257A 








Part Number Access Time (max) Package 
UPD43254C-35 35 ns 24-pin plastic DIP 
C-45 45 ns 
C-55 55 ns 
UPD43254LA-35 35 ns 24-pin plastic SOJ 
LA-45 45ns 
LA-55 55 ns 


Pin Identification 


Symbol Function 

Ao - A4s Address inputs 

VO - VOq Data inputs and outputs 
cs Chip select 

WE Write enable 

GND Ground 

Voc +5-volt power supply 


60057 New speeds to 15 ns will be available in 1991. 7-45 
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Absolute Maximum Ratings 


Supply voltage, Voc -0.5 to +7.0V 
Input and output voltages, Vij (Note 1) -0.5 to +7.0V 
Operating temperature, Topr Oto +70°C 
Storage temperature, Tstg -55 to +125°C 
Power dissipation, Pp 10W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Notes: 
(1) Vin (min) = -3.0 V for 20 ns pulse. 





Capacitance 

Ta = 25°C; Vin and Voour = 0 V; f = 1 MHz (Note 1) 

Parameter Symbol Min Max Unit 
Input capacitance Cin 6 pF 
Output capacitance Cpout 8 pF 
Notes: 


(1) This parameter is sampled and not 100% tested. 


Recommended Operating Conditions 








Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 Vv 
Input voltage, high Vin 2.2 Voo +03 V 
Input voltage, low Vit -0.5 0.8 Vv 
Operating temperature Ta, 0 70 °C 
Notes: . 

(1) Vi_ = -3.0 V for 20 ns pulse. 

Truth Table 

Function cs WE Input/Output lec 
Not selected H x High-Z Standby 
Read L H Dout Active 
Write L L Din Active 
Notes 


(1) X = dont care. 


NV. E Cc | uPD43254 


Block Diagram 





Memory Cell 


Address Array 
Buffer 256 Rows 
256 x 4 Columns 


Sense/Switch 


Address 
Buffer 


Ag Az Ag Ag Ayo A11Ay2 Aig 


83IH-4824B 
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DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 
Parameter Symbo! Min Typ Max —s« Unit — Test Conditions 
Input leakage current Iu -2 2 pA Vin = OVtoO Voc 
Output leakage current Lo -2 2 pA Vout = OV to Voc; SS = Vin 
Operating supply current loc 120 mA CS = Vi Ipour = OmA 
Standby supply current Isp 30 mA CS = Vin 
Ispy 2 mA CS = Voc-0.2V; Vin s 0.2V or = Voc -0.2V 
Output voltage, low Vo. 0.4 Vv lo. = 8.0 mA 
Output voltage, high VoH 24 V lon = —4.0 mA 
AC Characteristics 
Ta = Oto +70°C; Voo = +5.0V + 10% 





pPD43254-35 pPD43254-45 pPD43254-55 














Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Read Operation 

Read cycle time tac - 35 45 55 ns (Note 2) 

Address access time taa 35 45 55 ns 

Chip select access time tacs 35 45 55 ns 

Output hold from address change ton 5 5 5 ns 

Chip selection to output In low-Z toLz 5 ‘5 5 ns _—_ (Note 3) 

Chip deselection to output in high-Z toHz 0 15 0 20 0 25 ns (Note 4) 

Write Operation 

Write cycle time two 35 45 55 ns (Note 2) 

Chip select to end of write tow 30 40 50 ns 

Address valid to end of write taw 30 40 50 ns 

Address setup time tas 0 0 0 ns 

Write pulse width twp 30 40 50 ns 

Write recovery time twr 0 0 0 ns 

Data valid to end of write tow 15 20 25 ns 

Data hold time toH 0 0 0 ns 

Write enable to output in high-Z twHz 0 15 0 20 0 25 ns (Note 4) 

Output active from end of write tow 0 0 0 ns (Note 3) 

Notes: 

(1) Input pulse levels = GND to 3.0 V; input pulse rise and falltimes (8) Transition is measured at +200 mV from steady-state voltage 
= 5ns; timing reference levels = 1.5V; see figures 1 and 2 for with the load shown in figure 2. 
output load. (4) Transition is measured at Vo, + 200 mV and Voy; - 200 mV with 

(2) Allread cycle timings are referenced from the last valid address to the load shown in figure 2. 


the first transitioning address. 


~N 
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NE C pPD43254 





Figure 1. Output Load 


“Including Scope and Jig 





Figure 2. Output Load for tcuz, tc.z, twuz, and tow 


“Including Scope and Jig 


831H-4831A 
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Timing Waveforms 





Address Access Cycle 


Address Address Valid 


Previous Data Valid 


Notes: 
[1] WE is held high for a read cycle. 
[2] The device is continually selected, where CS = ViL- 





831H-5775B 


Chip Select Access Cycle 


High Impedance OOK KKK) impedance 


Notes: 
{1] WE is held high for a read cycle. 
[2] Address vatid prior to or coincident with the low transition of CS. 





N: E C — 


WE-Controlled Write Cycle 


a 


twp 


ve NN 
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Timing Waveforms (cont) 
CS-Controlled Write Cycle 


Address 


ZA: WALA, 


to 
tow H, 


Data-in Valid 


tw 


Notes: 


[1] CS or WE must be high during address transition. _ 

[2] A write cycle occurs during the overlap of a low cs and a low WE. 

[8] twRis measured between the rising edge of either CS or WE, 
whichever occurs first, and the end of two. 
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NEC Electronics Inc. 


uPD43256A 
32,768 x 8-Bit 
Static CMOS RAM 





Description 


The »PD43256A is a 32,768-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N- 
channel memory cells with polysilicon resistors to make 
the »PD43256A a high-speed device that requires very 
low power and no clock or refreshing. 


Minimum standby power is drawn when CS is high, 
independent of the other inputs’ levels. Data retention is 
guaranteed at a power supply voltage as low as 2 V. The 
p»PD43256A is available in standard 28-pin plastic DIP, 
28-pin plastic miniflat, or 32-pin plastic TSOP 
packaging. 


Features 


QO Single +5-volt power supply 

Q Fully static operation—no clock or refreshing 
required 

TTL-compatible inputs and outputs 

Common 1/0 using three-state outputs 

One CS pin and one OE pin for easy application 
Data retention of 2V minimum 

Standard 28-pin plastic DIP and miniflat packaging 
Standard 32-pin plastic TSOP packaging 

(with either normal or reverse bent leads) 


oboaancoon 


60054 


Pin Configurations 
28-Pin Plastic DIP or Miniflat 


< 
© 
wy) 
N 
oO 
Tt 
(=) 
a 
=a 





Pin Identification 

Symbol Function 

Ao- A14 Address inputs 

1/0, - /Og Data inputs and outputs 
ts Chip select 

OE Output enable 

WE Write enable 

GND Ground 

Voc +5-volt power supply 
NC No connection 
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Pin Configurations (cont) 
32-Pin Plastic TSOP (normal leads, top view) 


oO 


1 
2 
3 
4 
5 
6 
7 
8 
9 


pPD43256A 


_~_ 
-_— oO 


er oo a a 
oarh ON 


831H-6328A 





32-Pin Plastic TSOP (reverse bent leads, bottom view) 





On Oar OND = 


HPD43256A 


Notes: 


[1] This package is designed to be mounted with the top of the package 
closest to the mounting surface. In this position, the exposed side will be 
the bottom of the package. 


831H-6329A 
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Ordering Information 








Data Retention Current (max) 








Part Number Access Time (max) Ta = 0 to 70°C Package 
psPD48256AC-85L 85 ns 50 pA 28-pin plastic DIP (600 mil) 
C-10L. 100 ns 
C-12L 120 ns 
C-15L 150 ns 
pPD43256AC-85LL 85ns 20 pA 28-pin plastic DIP (600 mil) 
C-10LL 100 ns 
C-12LL — 120ns 
C-15LL 150 ns 
#PD43256AGU-85L 85 ns 50 pA 28-pin plastic miniflat 
GU-10L 100 ns 
GU-12L 120 ns 
GU-15L 150 ns 
pPD43256AGU-85LL 85 ns 20 pA 28-pin plastic miniflat 
GU-10LL 100 ns 
GU-12LL 120 ns 
GU-15LL 150 ns 
pPD43256AGX-10L-EJA 100 ns 50 nA 32-pin plastic TSOP (normal leads) 
GX-12L-EJA 120 ns 
pPD43256AGX-10LL-EJA 100 ns 20 pA 32-pin plastic TSOP (norma! leads) 
GX-12LL-EJA 120 ns 2 
pPD43256AGX-10L-EKA 100 ns 50 pA 32-pin plastic TSOP (reverse bent leads) 
GX-12L-EKA 120 ns 
pPD43256AGX-10LL-EKA 100 ns 20 pA 32-pin plastic TSOP (reverse bent leads) 
GX-12LL-EKA 120 ns 
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Block Diagram 


Address 
Buffer 
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Memory Cell 
Array 
512 Rows 
64 x 8 Columns 


Output 
Data 


Column Control! 


Decoder 


Ag eee Ag Aig 
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yPD43256A 
Absolute Maximum Ratings Truth Table 

Supply voltage, Voc (Note 1) 0.5t0+70V CS CE WE Function fe) lee 
Input voltage, Viy (Note 1) -0.5 to Vog + 0.5V H X xX Not selected High-Z Standby 
Output voitage, Vig (Note 1) -0.5 to Voc + 0.5 V L H H Not selected ~ High-Z Active 
Operating temperature, Topa Oto +70°C L L H Read Dout Active 
Storage temperature, Tstq -55 to + 125°C L Xx L Write Din Active 
Power dissipation, Pp 10W Notes: 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device rellability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 





(1) X = dont care. 


Recommended Operating Conditions 











Parameter Symbol Min Typ Max Unit 
Notes: Supply voltage Vec 45 6.0 5.5 Vv 
(1) -3.0 V minimum (pulse width = 50 ns). Input voltage, low Vi -03 0.8 Vv 
(Note 1) 
al geolnahiog Beas cued Input voltage, high Viq 2.2 Voc +05. V 
aramater Symbol Min Max Unit Ambient temperature Ta 0 70 °C 
Input capacitance C 5 pF Notes: 
inputfoutput capacitance. Gyo CSC«):« 8.0 V minimum (pulse width = 60 ne). 
Notes: 
(1) This parameter is sampled and not 100% tested. 
DC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current lu -1 1 pA Vin = OV to Voc 
I/O leakage current lLo -1 1 pA Vyo = 0V to Voc; CS = Viy or OE = Vin 
or WE < Vi 

Operating supply current Iocgaq 45 mA CS s Vy. (min cycle); lyq = 0 V (Note 1) 

Ioca2 10 mA CS = Vi; lyo = OV 

Icca3 10 mA SS < 0.2V;f = 1 MHz; yo = OV; Vit s 0.2 V; 

Vin = Voc - 0.2 V 

Standby supply current = Isg 3 ma CS = Vin 

Isp4 0.002 0.1 mA CS = Voc - 0.2 V (Note 2) 
Output voltage, low VoL 0.4 Vv lo. = 2.1 mA 
Output voltage, high Von 24 Vv lon = -1.0mA 

VoH2 Voc - 0.5 Vv lon = -0.1 mA 


Notes: 


(1) sPD43256A-10L/-10LL/-12L/-12LL = 40 mA (max). 
#PD43256A-15L/-15LL = 35 mA (max). 


(2) #PD43256AGX-10LL/-12LL = 50 nA (max). 
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AC Characteristics (for L and LL Versions) 
Th = Oto +70°C; Vog = +5.0V + 10% © 























pPD43256A-85 pPD43256A-10 pPD43256A-12 pPD43256A-15 Test 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Conditions 
Read Operation 
Read cycletime trac 85 100 120. . 150 ‘ns 
Address access tag 85 100 120 150 ns (Note 2) 
time 
Chip select tacs 85 100 120 150 ns (Note 2) 
access time 
Output enable tog 40 50 60 70 ns (Note 2) 
to output valid 
Output hold ton 10 10 10 10 ns 
from address 
change 
Chip select to toLz 10 10 10 10 ns (Note 3) 
output in low-Z 
Output enable toz 5 5 5 5 ns (Note 3) 
to output in 
low-Z 
Chip select to tonz 30 35 40 50 ns (Note 3) 
output In high-Z 
Output enable tonz 30 35 40 50 ns (Note 3) 
to output In 
high-Z 
Write Operation 
Write cycle time two 85 100 — 120 150 ns 
Chip select to tow 70 80 85 100 , ns 
end of write 
Address valid to taw 70 80° 85 100 ns 
end of write 
Address setup tas 0 0 ot. 0 ns 
time 
Write pulse twe 65 70 70 90 ns 
width 
Write recovery twr 5 5 5 5 ns 
time 
Data valid to tow 35 40 50 60 ns 
end of write 
Dataholdtime — toy 0 0 : 0 0 ns 
Write enable to. twuz 30 35 40 50 . ns (Note 3) 
output In high-Z 
Output active tow 10 10 10 ; 10 ns (Note 3) 
from end of 
write 
Notes: 


(1) Input pulse jevels = 0.8 to 2.2 V; input pulse rise and fall times = 
5ns; timing reference levels = 1.5 V. 
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(2) See figure 1 for output load. 
(8) See figure 2 for output load. 
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Low Vcc Data Retention Characteristics 














Ta = Oto 70°C 

Parameter Symbol Min Typ Max Unit Test Conditions 

Data retention supply voltage Vocpr 2.0 5.5 V CS = Veco - 0.2V 

Data retention supply current Iocpr 1 50 pA Voc = 3.0V; CS = Voc ~- 0.2 V (Notes 1, 2) 
Chip deselection to data retention tcpr 0 ns 

Operation recovery time ta tac ns 

Notes: 


(1) For p»PD43256A-LL, IocprR = 20 nA (max) at Ta = 0 to 70°C and 
3 uA (max) at Ta = 0 to 40°C. 

(2) For sPD43256A-L, IccpR = 15 4A (max) at Ta = 0 to 40°C. 

Data Retention Timing 


Data Retention 


CS2 Vcc -0.2V 


[1] The other inputs (Addresses, OE, WE, V/Os) can be in a state of high impedance. 
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Figure 1. Output Load 





*Including scope and jig 





831H-6306A 


Figure 2. Output Load for tc, z, to.z, tcnz, tonz. twuz, and tow 





5V 


“Including scope and jig 
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Timing Waveforms 


Address Access Cycle 


Address Address Valid 


Previous Data Valid XXX KKRXK KY 


Notes: 
{1] WE is held high for a read cycle. 
[2] The device is continually selected, where CS =OE = VIL- 





Chip Select Access Cycle 


Address Address Valid 


+ Y | 
— —_ae: 
ALLS 


Notes: 
[1] WE is high for a read cycle. 
[2] Address valid prior to or coincident with the low transition of CS. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


ANN | MLL. 


twR 


Data-in Valid 
Lo tow 


High Impedance 
Data Undefined [Note 4] ' o p [Note 4] 


Notes: 

[1] A write cycle occurs during the overlap of a low CS and a low WE. 
[2] CS or WE must be high during address transition. 

[3] If CE Is high, the I/O pins remain in a state of high impedance. 


[4] During this period, the /O pins may be in the output state. 
Therefore, input signals of opposite phase must not be applied. 


831H-6438B 
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Timing Waveforms (cont) 





CS-Controlled Write Cycle 


Address Address Valid 


NI WHAMMILLLLLL 


Data-in Valid 


High Impedance 


Notes: 

[1] A write cycle occurs during the overlap of a low CS and alow WE. 
[2] CS or WE must be high during address transition. 

[3] If OE is high, the I/O pins remain in a state of high Impedance. 
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Description 


The uPD43256B is a 32,768-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N- 
channel memory cells with polysilicon resistors to 
make the uPD43256B a high-speed device that requires 
very low power and no clock or refreshing. 


Minimum standby power is drawn when CS is high, 
independent of the other inputs’ levels. Data retention 
is guaranteed at a power supply voltage as low as 2 V. 
The pPD43256B is available in standard 28-pin plastic 
DIP, 28-pin plastic miniflat, or 32-pin plastic TSOP 
packaging. 


Features 


Single + 5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common I/O using three-state outputs 

One CS pin and one OE pin for easy application 
Data retention of 2 VV minimum 

Standard 28-pin plastic DIP and miniflat packaging 
Standard 32-pin plastic TSOP packaging 

(with either normal or reverse bent leads) 

O Fast access time of 55 ns 


Oo00eagaoang a ag 


Ordering Information 


Access 

Part Number Time (max) Package 

uPD43256BC-55L 55 ns 28-pin plastic DIP 
C-70L 70 ns 
C-85L 85 ns 

UPD43256BGU-55L 55 ns 28-pin plastic miniflat 
GU-70L 70 ns 
GU-85L 85 ns 

MPD43256BGX55L-EJA 55 ns 32-pin plastic TSOP 
GX70L-EJA70ns.—S«oFmall leads) 
GX85L-EJA 85 ns 

UPD43256BGX55L-EKA 55 ns 32-pin plastic TSOP 
GX70LEKA 70ns. 70 ns (reverse bent leads) 
GX85L-EKA 85 ns 
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Pin Configurations 


yPD43256B 
32,768 x 8-Bit 
Static CMOS RAM 


28-Pin Plastic DIP or Miniflat 





Pin Identification 
Symbol 

Ag - A1g 

0, - Og 

cs 

OE 

WE 

GND 

Voc 

NC 


a 
We} 
wy 
N 
oO 
Tt 
QO. 
a 
a. 


Function 

Address inputs 

Data inputs and outputs 
Chip select’ 

Output enable 





Write enable 
Ground 
+ 5-volt power supply 


No connection 
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Pin Configurations (cont) 





32-Pin Plastic TSOP (normal leads, top view) 


pPD43256B 


83YL-7195B 


_WPD43256B 


Notes: 


[1] This package Is designed to be mounted with the top of the package 
closest to the mounting surface. In this position, the exposed side will be 
the bottom of the package. . 
83YL-7196B 
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Block Diagram 


Address 
Buffer 


Memory Cell 
Row Array 
Decoder 512 Rows 
64.x 8 Columns 


Output 
Data 
Control 


Ag eee Ag Aig 





“B3IH-6435B 
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Absolute Maximum Ratings Truth Table 

Supply voltage, Veg (Note 1) 0.5 to +7.0V cs OE WE Function VO lec 
Input voltage, Viy (Note 1) -0.5 to Veco + 0.5V H X X Not selected High-Z Standby 
Output voltage, Vio (Note 1) -0.5 to Veg + 0.5V L H H Outputs disabled High-Z Active 
Operating temperature, Topp Oto +70°C L L H Read Dout Active 
Storage temperature, Tstg | -55 to + 125°C L X L Write Din Active 
Power dissipation, Pp 1.0 W Notes: 


Exposure to Absolute Maximum Ratings for extended periods may (1) X = don't care. 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified | Recommended Operating Conditions 








under DC and AC Characteristics. Parameter. +~~+~Symbol. *Min. Typ + Max Unit 
Notes: Supply voltage Voc 45 5.0 55 V 
(1) -3.0V minimum (pulse width = 50 ns). Input voltage, low Vit -0.3 0.8 V 
: (Note 1) 
sgl SNe cite a Input voltage, high Viy 22 Voo+ 05 V 
Parameter Symbol Min Max Unit Ambir tern Persp Sic oO 
Input capacitance Cy 5 pF Notes: 
Inputfoutput capacitance Cyo ~~~ -8~—~”~—O& (1) -—3.0V minimum (pulse width = 50 ns). 
Notes: 
(1) This parameter is sampled and not 100% tested. 
DC Characteristics 
Ta = Oto + 70°C; Voog = +5.0V + 10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current ley -1 1 LA Vin = OV toVoeco 
/O leakage current lo -1 1 HA Vyo_= OV to Veg; CS = Viy or OE = Vin 
or WE s Vi 
Operating supply current locai 50 mA CS < Vi, (min cycle); lyo = OV (Note 1) 
loca2 10 mA CS = Viti Iyo = OV 
loca3 10 mA CS < 0.2V;f = 1 MHz; Iyo = OV; 
Vit S 0.2 V; Vin = Voc -0.2V 
Standby supply current Isp 3 mA CS = Vin 
IsB4 2 100 HA CS = Voc -0.2V 
Output voltage, low VoL 0.4 Vv lol = 2.1 mA 
Output voltage, high Von 2.4 V lon = —1.0mA 
Von2 Veco - 0.5 V lon = —0.1 mA 





Notes: 


(1) pPD43256B-55L = 50 mA (max). 
HPD43256B-70L/-85L = 45 mA (max). 


N E Cc pPD43256B 


AC Characteristics (All Versions) 
Ta = 0 to +70°C; Vog = +5.0V + 10% 








pPD43256B-55 »PD43256B-70 pPD43256B-85 























Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Read Operation 
Read cycle time trac 55 70 85 ns (Note 2) 
Address access time taa 55 70 85 ns (Note 2) 
Chip select access time tacs 55 70 85 ns (Note 2) 
Output enable to output valid toe 30 35 40 ns (Note 2) 
Output hold from address change ton 10 10 10 ns (Note 2) 
Chip select to output in low-Z tcLz 10 10 10 "ons (Note 3) 
Output enable to output in low-Z toLz 5 5 5 ns (Note 3) 
Chip select to output in high-Z tonz 30 30 30 ns (Note 3) 
Output enable to output in high-Z tonz 30 30 30 ns (Note 3) 
Write Operation 
Write cycle time twe 55 70 85. ns 
Chip select to end of write tow 50 60 70 ns 
Address valid to end of write taw 50 60 70 ns 
Address setup time tas 0 0 0 ns 
Write pulse width twp 45 55 65 ns 
Write recovery time twr 5 5 5 ns 
Data valid to end of write tow 30 30 35 ns 
Data hold time toH 0 0 0 ns 
Write enable to output in high-Z twuz 30 30 30 -—oanss (Note 3) 
Output active from end of write tow 10 10 10 ns (Note 3) 
Notes: 
(1) Input pulse levels = 0.8 to 2.2 V; input pulse rise and fall times = (2) See figure 1 for output load. 

5 ns; timing reference levels = 1.5V. (8) See figure 2 for output load. 


7-6 


© 





pPD43256B N: KE C 


Low Vcc Data Retention Characteristics 














Ta = Oto 70°C 

Parameter Symbol Min Typ Max Unit Test Conditions 

Data retention supply voltage Vocor 2.0 - 85 V CS = Vog-0.2V 

Data retention supply current locor 1 50 UA Voc = 3.0V; CS = Veg - 0.2 V (Note 1) 
Chip deselection to data retention tcpr 0 ns 

Operation recovery time tr tro ns 

Notes: 


(1) locpR = 15 HA (max) at Ta = 0 to 40°C, 
Data Retention Timing 


Data Retention 


CS2 Vec-0.2V 


[1] The other inputs (Addresses, OE, WE, /Os) can be in a state of high impedance. 





831H-6440B 
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Figure 1. Output Load 





83}H-6306A 


Figure 2. Output Load for to. z, to.z, tcnz. tonz: twuz, and tow 


*Including scope and jig 
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Timing Waveforms 


Address Access Cycle 


Address Address Valid 


Previous Data Valid XXX eee 


Notes: 
(1] WE is held high for a read cycle. 
[2] The device Is continually selected, where CS = OE = Vy. 





Chip Select Access Cycle 


Address 


High Impedance 


Notes: 
[1] WE is high for a read cycle. 


[2] Address valid prior to or coincident with the low transition of CS. 
831H-64378 
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Timing Waveforms (cont) 





WE-Controlled Write Cycle 


ANY LIL. 


Data-in Valid 
— tow 


igh Impedar 
Data Undefined [Note 4] plo impedence [Note 4] 


Notes: 

[1] A write cycle occurs during the overlap of a low CS and alow WE. 
[2] CS or WE must be high during address transition. 

(3) If CE is high, the VO pins remain in a state of high impedance. 


{4] During this period, the I/O pins may be in the output state. 
Therefore, input signals of opposite phase must not be applied. 





831H-6438B 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 


Address Address Valid 


AY WLLL, 


Data-in Valid 


High Impedance 


Notes: 

[1] A write cycle occurs during the overlap of a low CS and _a low WE. 
[2] CS or WE must be high during address transition. 

[3} If OE is high, the I/O pins remain in a state of high impedance. 
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PRELIMINARY INFORMATION 


Description 


The »PD43258 is a 32,768-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N- 
channel memory cells with polysilicon resistors to make 
the »PD43258 a high-speed device that requires very low 
power and no clock or refreshing. 


Minimum standby power is drawn when CS is high, 
independent of the other inputs’ levels. The ».PD43258 is 
available in standard 28-pin plastic DIP or SOJ packag- 


ing. 
Features 


Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common |/O using three-state outputs 

One CS pin and one OE pin for easy application 
Standard 28-pin plastic DIP and SOJ packaging 
Fast access time of 35 ns (max) 


ooanaaoaoo da 


Ordering Information 


Part Number Access Time (max) Package 

p-PD43258CR-35 35 ns 28-pin plastic DIP 
CR-45 45 ns 

HPD43258LA-35 35 ns 28-pin plastic SOU 
LA-45 45 ns 





uPD43258 
32,768 x 8-Bit 
Static CMOS RAM 


Pin Configurations 


28-Pin Plastic DIP or SOJ 


83YL-7197A 


Pin Identification 





Symbol Function 

Ao - A14 Address inputs 

VO, - Og Data inputs and outputs 
cs Chip select 

OE Output enable 

WE Write enable 

GND Ground 

Voc +5-volt power supply 


60118 New speeds to 20 ns will be available in 1991. 7-75 
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Biock Diagram 


Memory Cell 
Address Row Array 
Buffer Decoder }- 512 Rows 
64 x 8 Columns 








ers 
Sense/Switch |_| 
Output 
Data 
Col 
Control 
Ag eee Ag Aig 
831H-6435B 
Truth Table Recommended Operating Conditions 
CS OF WE Function VO loc Parameter Symbol Min Typ Max Unit 
H Xx xX Not selected High-Z Standby Supply voltage Voc 45 5.0 5.5 Vv 
L H H Outputs disabled High-Z Active Input voltage, low (Note 1) Vy -0.3 0.8 V 
L L H Read Dout Active Input voltage, high Vin 2.2 Voc + 0.5 V 
L xX i Write Din Active Ambient temperature Ta 0 70 °C 
Notes: Notes: 
(1) X = don't care. (1) -3.0 V minimum (pulse width = 20 ns). 


DC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10% 


Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current IL -2 2 BA Vin = OV to Voc 
\/O leakage current ILo -2 2 BA Wo = OV to Voc; CS = Vy or OE = Vy or WE = Vi 
Operating supply current Icc¢ 130 mA CS < Vit (min cycle); lyo = OV 
Standby supply current _ Isp 30 ma CS = Vins Vin = Vin OF Vic 
Isp4 2 mA CS = Voc -0.2V; Vin $ 0.2 Vor = Voo-0.2V 
Output voltage, low VoL 0.4 Vv lol = 8mA 
Output voltage, high Vou 2.4 Vv lon = —4.0 mA 
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Absolute Maximum Ratings Capacitance 

Supply voltage, Voc (Note 1) —05t0+70V Am t25Cit = 1 MHz Vay and Vour = OV 

input volags, jy Note) eB togg posv Parameter ‘Symbol Min Max Unit 
Output voltage, Vjo (Note 1) —s*«~C*«‘“i«~— OS tO Vig + OSV Input capacitance C 6 pF 
Operating temperature, Topp ti(‘é‘é‘séO!#*#*#;! OO FTO Input/output capacitance Cyo 8 pF 
Storage temperature, stg = i(ié‘(sU*~*«~ BS tO HIDES Notes: 


1 i te} 
Exposure to Absolute Maximum Ratings for extended periods may C) sThle paregten |S salnpled aid Neb tOu texted 


affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Notes: 
(1) -3.0 V minimum (pulse width = 20 ns). 


AC Characteristics 
Ta = Oto +70°C; Voc = +5.0V += 10% 








uPD43258-35 uPD43258-45 
Parameter Symbo! Min Max Min Max Unit Test Conditions 
Read Operation 
Read cycle time tac 35 45 ns (Note 2) 
Address access time taa 35 45 ns (Note 2) 
Chip select access time tacs 35 45 ns (Note 2) 
Output enable to output valid tog 17 20 ns (Note 2) 
Output hold from address change ton 5 5 ns (Note 2) 
Chip select to output in low-Z tcLz 5 5 ns {Note 3) 
Output enable to output in low-Z toLz 0 0 ns (Note 3) 
Chip select to output in high-Z tcHz 15 20 ns (Note 3) 
Output enable to output in high-Z tonz 15 20 ns (Note 3) 
Write Operation 
Write cycle time two 35 45 ns 
Chip select to end of write tcw 30 40 ns 
Address valid to end of write taw 30 40 ns 
Address setup time tas 0 0 ns 
Write pulse width twp 30 40 ns 
Write recovery time twa 0 0 ns 
Data valid to end of write tow 15 20 ns 
Data hold time ton 0 0 ns 
Write enable to output in high-Z twuz 15 20 ns (Note 3) 
Output active from end of write tow 0 0 ns (Note 3) 


Notes: 


(1) Input pulse levels = 0 to 3 V; input pulse rise and fall times = 
5 ns; timing reference fevels = 1.5 V. 


(2) See figure 1 for output load. 
(8) See figure 2 for output load. 
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Figure 1. Output Load 


% Including scope and jig 
83YL-71988 





Figure 2. Output Load for tc, z, toiz, tcnz. tonz, twuz, and tow 


* Including scope and jig 


83YL-7199B 
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Timing Waveforms 


Address Access Cycle 


Address 


Previous Data Valid AM YOO 


Notes: 
[1] WE is held high for a read cycle. 
[2] The device is continually selected, where CS = OE = V,. 





831H-6436B 


Chip Select Access Cycle 


Address 





7 1 Y 
High impedance Sor uan r\\\ 
t// Sf Impedance 


Notes: 
[1] WE Is high for a read cycle. 


[2] Address valid prior to or coincident with the low transition of CS. 
831H-6437B 
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Timing Waveforms (cont) 





WE-Controlled Write Cycle 


NII MMMMUMM MMA, 


t 


Data-in Valid 
ve tow 


High impedance 
Data Undefined [Note 4] Z p [Note 4) 


Notes: 

‘[1] A write cycle occurs during the overlap of alow CS and a low WE. 
{2] CS or WE must be high during address transition. 
[3] If OE Is high, the I/O pins remain in a state of high impedance. 


[4] During this period, the /O pins may be in the output state. 
Therefore, input signals of opposite phase must not be applied. 





831H-6438B 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 


Address Address Valid 


twR 


AY WLLL, 


tDH 


Data-in Valid 


High Impedance 


Notes: 

[1] A write cycle occurs during the overlap of a low CS and alow WE. 
(2] CS or WE must be high during address transition. 

[3] If OE Is high, the VO pins remain in a state of high impedance. 
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NEC Electronics Inc. 


Description 


The »PD431000 is a 131,072-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the »PD431000 a high- 
speed device that requires very low power and no clock 
or refreshing. 


Minimum standby power is drawn when CEp is low, 
independent of the other inputs’ levels. Data retention is 
guaranteed at a power supply voltage as low as 2 volts. 
The »PD431000 is available in standard 32-pin plastic 
DIP and miniflat packaging. 


Features 


131,072-word by 8-bit organization 

Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common I/O using three-state outputs 

Two CE pins and one OE pin for easy application 
Data retention current of 1 nA typical 

Data retention voltage of 2 V minimum 

Standard 32-pin plastic DIP and miniflat packaging 


ooagang oo o0n0 ag 


Ordering Information 


Access 
Time Isp 
Part Number (max) (max) Package 
pPD431000CZ-85 85 ns 2mA $2-pin plastic DIP 
CzZ-10 100 ns 
CZ-12 120 ns 


p#PD431000CZ-85L 85 ns 0.1 mA 
C2Z-10L 100 ns 
CZ-12L 120 ns 
#PD431000CZ-85LL 85 ns 0.05 mA 
C2Z-10LL 100 ns 
C2-12LL 120 ns 


#.PD431000GW-85L. 85 ns 0.1mA = 82-pin plastic miniflat 


GW-10L 100 ns 

GW-12L 120 ns 
pPD431000GW-85LL 85 ns 0.05 mA 

GW-10LL 100ns 

GW-12LL 120 ns 


60010 





uPD431000 
131,072 x 8-Bit 
- Static CMOS RAM 


Pin Configuration 
32-Pin Plastic DIP or Miniflat 


° 
S 
So 
i) 
st 
QO 
a 
=a 


831H-5741A 


Pin Identification 





Symbol! Function 

Ao - Aig Address inputs 

WOpg - Oz Data Inputs and outputs 
CTE,, CE Chip enables 1 and 2 
OE Output enable 

WE Write enable 

GND Ground 

Voc +5-volt power supply 
NC No connection 
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Block Diagram 


Memory Cell 
Array 
512 Rows 
256 x8 
Columns 


Pa 
|_| SenseSwitch [| 


Column 
Decoder 


83IH-5742B 
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Absolute Maximum Ratings Truth Table 
Supply voltage, Voc (Note 1) ~0.5to +7.0V ‘Function CE; CE, OE. WE We) loc 
Input voltage, Vij (Note 1) -0.5toVog + 05V  Notselected H X X X High-Z Standby 
Output voltage, Vio (Note 1) -0.5toVoo + 05V Not selected X L Xx Xx High-Z Standby 
Operating temperature, Topr Oto +70°C Selected L H _H H High-Z Active 
Storage temperature, Tstg ~55 to +125°C Read L H L H Dout Active 
Power dissipation, Pp 1.0W Write L H X L Din Active 
Exposure to Absolute Maximum Ratings for extended periods may Notes: 
affect device reliability; exceeding the ratings could cause permanent (1) X = dont care. 
damage. The device should be operated within the limits specified 
Grder' 2 rahe AC cratertecatlos: Recommended Operating Conditions 
Notes: Parameter Symbol Min Typ Max Unit 
(1) -3.0V minimum (pulse width = 50 ns). Supply voltage Voc 45 5.0 5.5 7 
c apa citance Input voitage, low Vit -0.3 0.8 Vv 
Ta = +25°C; f = 1 MHz; Vin and Voyt = OV Input voltage, high Vin 2.2 Vc +05 V 
Parameter. +~SSymbol”=OMin.|~<Typ + Max Unit Ambient temperature Ty ¢) 70 °C 
Input capacitance C 6 pF Notes: 
Input/output capacitance = Cyo 10 pF (1) -3.0 V minimum (pulse width = 50 ns). 
Notes: 
(1) This parameter is sampled and not 100% tested. 
DC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current lu -1 1 pA Vin = OVtO Voc 
I/O leakage current lo -1 1 BA Wjo_= OV to Voc; CE, = Vin, or CEp = Vii 
or OE = Viz, or WE = Vi_ 
Operating supply current locai 70 mA CE, = Vi; CEs = Vii tac = tac (min); 
yo = OMA 
. loca2 5 35 mA CE, = Vii CEo = Vini lyo = OMA 
Standby supply current Isp 3 mA CE, = Vin or CEo = Viz (Note 1) 
Isp1 0.02 2 mA CE, and CEo = Voc - 0.2 V (Note 2) 
Ispo 0.02 2 mA CEs s 0.2 V (Note 2) 
Output voltage, low VoL 0.4 Vv lo = 2.1mA 
Output voltage, high Vou 2.4 Vv lon = —1.0mA 
Notes: 


(1) Igg = 5mA (max) for non-L versions. 


(2) Igg1 and Iggo = 0.02 mA (typ) and 0.1 mA (max) for -L versions 
and 0,002 mA (typ) and 0.05 mA (max) for -LL versions. 
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AC Characteristics 
Ta = Oto +70°C; Voo = +5.0V + 10% 


pPD431000-85 pPD431000-10 pPD431000-12 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 





Read Operation 

Read cycle time tac 85 100 120 ns, 

Address access time taa “85 100 120 ns (Note 2) 
CE, access time tco1 85 100 120 ns —_ (Note 2) 
CE» access time tcoe2 85 100 120 ns (Note 2) 
Output enable to output valid toe 45 50 60 ns (Note 2) 
Output hold from address change tow 10 10 10 ns 

CE, to output in low-Z tLz1 10 10 10 ns _— (Note 8) 
CEp to output in low-Z tLz2 10 10 10 ns (Note 3) 
Output enable to output in low-Z toLz 5 5 5 ns (Note 3) 
GE, to output in high-Z tHz1 30 35 45 ns (Note 3) 
CEp to output in high-Z tuze 30 35 45 ns (Note 3) 
Output enable to output in high-Z ss toyz 30 35 45 ns (Note 3) 
Write Operation 

Write cycle time two 85 100 120 ns 

TE, to end of write tow1 75 90 100 ns 

CEp to end of write towe2 75 90 100 ns 

Address valid to end of write taw 75 90 100 ns 

Address setup time tas 0 0 0 ns 

Write pulse width twp 65 75 85 ns 

Write recovery time twr 5 5 5 ns 

Data valid to end of write tow 35 40 45 ns 

Data hold time toH 0 0 0 ns 

Write enable to output in high-Z twuz 30 35 40 ns _ (Note 3) 
Output active from end of write tow 5 5 5 ns (Note 3) 
Notes: 

(1) Input pulse levels = 0.8 to 2.2 V; input rise and fall times = 5 ns; (2) See figure 1 for output loading. 


timing reference levels = 1.5V. (3) See figure 2 for output loading. 
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Low Vec Data Retention Characteristics (-L and -LL Versions Only) 
Ta = Oto +70°C 





























Parameter Symbol Min Typ Max Unit Test Conditions 
Data retention supply voltage Vocpri 2 5.5 V CE; = Voc -0.2V; CEs = Voc - 0.2V 
or CEo = 0.2V 
Vocor2 2 5.5 Vv CEs s 0.2V 
Data retention supply current locpri 1 50 pA Voc = 3.0V; CE, 2 Vog - 0.2 V; 
CEs 2 Voc - 0.2 V or CEn s 0.2 V (Note 1) 
locpre 1 50 pA Voc = 3.0V; CEo s 0.2 V (Note 1) 
Chip deselection to data retention tcpr 0 ns 
Operation recovery time tr tac ns 
Notes: 


(1) At 0 to 40°C, the maximum for Iocpri and Iccpre is 15 #A for the 
-L version and 5A for the -LL version. 


Figure 1. Output Loading 


“Including scope and jig 





831H-5743B 


Figure 2. Output Loading for tyz1, tiz2, t.2z1; t.z2, to.z, tonz, tow, and twuz 


*Including scope and jig 





7-87 





pPD431000 N; E Cc 


Figure 3. Data Retention Timing (CE;-Controlled) 





Data Retention 


VccDR — — — 


VGE12Vec ~ 0.2V 


[1] CE2 must be equal to or higher than Vcc — 0.2 V, or equal to or lower than 0.2 V. 
The other inputs (Addresses, OE, WE, I/Os) can be in high impedance. 
831H-5749B 


Data Retention 


VCcE2 < 0.2V 


[1] The inputs (Address CE1, OE, WE, I/Os) can be in high impedance. 
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Timing Waveforms 
Read Cycle 


Address Address Valid 


a Cea 
WR Data Valid LT TT 


Notes: 
[1] WE is high for a read cycle. 


[2] Address valid prior to or coincident with the latter of the low transition of CEy 
or the high transition of CE2. 





831H-5745B 
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Timing Waveforms (cont) 





WE-Controlled Write Cycle 


Address 


ann tanaescecea 
WL AUN 


tAW 
twR 


INN: 


: iow tbH 


Data-in Valid 
Le cose Leta 


‘High Impedance 
Data Undefined (Note 4) st 


Notes: 

[1] A write cycle occurs during the overlap of a low CE1 and WE and a high CEa. 
[2]. CEy or WE must be high or CE2 must be low during address transition. 

[3] If OE is high, the /O pins remain in high impedance. 


[4] During this period, the VO pins may be in the output state; therefore, input signals of 
opposite phase to the output must not be applied. 





831H-5746B 
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Timing Waveforms (cont) 
CE;-Controlled Write Cycle 


AN. 
WML LF WY 
eae ee 


twR 


t 
tpw DH 


Data-in Valid 


High Impedance 


Notes: 

[1] A write cycle occurs during the overlap of a low CE and WE and a high CEo. 
(2] CE 4 or WE must be high or CE2 must be low during address transition. 

[3] If OE is high, the I/O pins remain in high impedance. 
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Timing Waveforms (cont) 


CE2-Controlled Write Cycle 





N\A WLLL 


cs 


TAS 


HL 


= UY WALL LL LLL, 


t 
tow DH 


Data-in Valid 


High Impedance 


Notes: 

[1] A write cycle occurs during the overlap of a low CE, and WE and ahigh CEo. 
[2] CE1 or WE must be high or CE2 must be low during address transition. 

[3] If OE is high, the /O pins remain in high impedance. 


NEC 


NEC Electronics Inc. 


Description 


The uPD431000A is a 131,072-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the uPD431000A a high- 
speed device that requires very low power and no clock 
or refreshing. 


Minimum standby power is drawn when CEp> is low, 
independent of the other inputs’ levels. Data retentionis 
guaranteed at a power supply voltage as low as 2 volts. 
The uPD431000A is available in standard 32-pin plastic 
DIP, 32-pin plastic miniflat, and 32-pin plastic TSOP 
packaging. 


Features 


131,072-word by 8-bit organization 

Single + 5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common 1/O using three-state outputs 

Two CE pins and one OE pin for easy application 
Data retention current of 1 WA typical 

Data retention voltage of 2V minimum 

Standard 32-pin plastic DIP, miniflat and TSOP 
packaging 


paoorwaononoa a 


Pin Identification 


Symbol Function 

Ao - Aig Address inputs 

YO - Oz Data inputs/outputs 
CE,, CEs Chip enables 1 and 2 
OE Output enable 

WE Write enable 

GND Ground 

Voc +5-volt power supply 
NC No connection 


60129 





pPD431000A 
131,072 x 8-Bit 
Static CMOS RAM 


Pin Configurations 


32-Pin Plastic DIP or Minitlat 


< 
o 
i=] 
2 
¢ 
Q 
a 
a 
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Pin Configurations (cont) 


32-Pin Plastic TSOP (normal leads, top view) 


O 


.PD431000A 


ri 
2 
3 
4 
5 
6 
7 
8 
9 


=— 
= © 


oo ooo 
amr OND 


83YL-7235B 





32-Pin Plastic TSOP (reverse bent leads, bottom view) 


pPD431000A 


O©MNANTA OWN =. 


oe ee ee ae ae ee | 
a nat @O©N + O& 


Notes: 


[1] This package is designed to be mounted with the top of the package 
closest to the mounting surface. In this position, the exposed side will be 
the bottom of the package. 
83YL-7236B 
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Block Diagram 
















Memory Cell 



















Row Array 
Address ae 512 Rows 
Buffer 256 x 8 


Columns 


Ce 
Input 
vata Column 
Buffer Decoder 


Column 
Address 
Buffer 





ur Output 
Data 


Buffer 










Og 








Ag...A11,413---A16 


831H-5742B 





Absolute Maximum Ratings Recommended Operating Conditions 4 
Supply voltage, Voc (Note 1) -0.5 to +7.0V Parameter Symbol Min Typ Max Unit 

Input voltage, Vin (Note 1) -0.5 toVoo + O5V Supply voltage Voc 45 5.0 5.5 V 

Output voltage, Vio (Note 1) -0.5 to Veg + 0.5V Input voltage, low ViL - 0.3 0.8 V 

Operating temperature, Topr Oto +70°C Input voltage, high Vin 2.2 Voc + 0.5 Vv 

Storage temperature, Tstg —55 to + 125°C Ambient temperature Ty 0 70 °C 

Power dissipation, Pp 1.0W Notes: 


Exposure to Absolute Maximum Ratings for extended periods may (1) ~3.0V minimum (pulse width = 50 ns). 
affect device reliability; exceeding the ratings could cause perma- 

nent damage. The device should be operated within the limits Truth Table 
specified under DC and AC Characteristics. 


Function CE, CE. OF WE 0 loc 
Notes: 

Not selected H x X x High-Z Standby 
(1) -—3.0V minimum (pulse width = 50 ns). 

Not selected X L X xX High-Z Standby 
Capacitance Selected L H H H  High-Z — Active 
Ta = +25°C; f = 1 MHz; Vin and Vout . OV Baad L H L H Deir Active 
Parameter Symbol Min Typ Max _— Unit Write L rm X L si Achive 
Input capacitance C 6 pF 
SO ye eg eS Notes: 
Input/output capacitance Cyo 10 pF 


(1) X = dont care. 
Notes: 


(1) This parameter is sampled and not 100% tested. 
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Ordering Information 


Part Number 
uPD431000ACZ-70 
CZ-85 
CZ-10 
pPD431000ACZ-70L 
CZ-85L 
CZ-10L 
UPD431000AGW-70L 
GW-85L 
GW-10L 
uUPD431000AGZ-70 -KJH 
GZ-85-KJH 
GZ-10-KJH 
uUPD431000AGZ-70L-KJH 
GZ-85L-KJH 
GZ-10L-KJH 
pUPD431000AGZ-70 -KKH 
GZ-85-KKH 
GZ-10-KKH 
UPD431000AGZ-70L-KKH 
GZ-85L-KKH 
GZ-10L-KKH 


Notes: 


(1) Contact your NEC sales representative for data sheet and prod- 


Access Time (max) 
70 ns 
85 ns 
100 ns 
70 ns 
85 ns 
100 ns 
70 ns 
85 ns 
100 ns 
70 ns 
85 ns 
100 ns 
70 ns 
85ns 
100 ns 
70 ns 
85 ns 
100 ns 
70 ns 
85 ns 
100 ns 


uct availability for the -LL version of the uPD431000A. 


DC Characteristics 
Ta = Oto +70°C; Veg = +5.0V + 10% 


Isp1 (max) 
2mA 32-pin plastic DIP 


0.1 mA 


NEC 


Package 


0.1 mA 


32-pin plastic miniflat 


2mA 32-pin plastic TSOP 


(normal leads) 


0.1 mA 


2mA 32-pin plastic TSOP 


(reverse bent leads) 


0.1 mA 





Parameter 
Input leakage current 


/O leakage current 


Operating supply current 


Standby supply current 


Output voltage, low 


Output voltage, high 


Symbol 
lu 
ILo 


locat 


loca2 
locas 


Isp 

Isp4 
Igpa 
VoL 
Vou 


Min Typ 
-1 
-1 
40 
0.02 
0.02 
2.4 


Max 


70 


15 
10 


Unit 
HA 
UA 


mA 


mA 
mA 


mA 
mA 
mA 


Test Conditions 
Vin = OV to Veco 


Vyo_= OV to Veo; CE = Vin, or CEo = Vit 
or OE = Vin, or WE = Vip 


CE, = Viti CEo = Vin; tac = tre (min); 
Wo = OmA 


CE, = Viti CE2 = Vini lyo = OMA 


Voe1 = 0.2V; Voge = Voc - 0.2V; tac or two 
= 1 MHz; Vin = 0.2V or Vin = Voc -0.2V 


CE, = Viy or CEp = Vi, (Note 1) 


CE, and CEs = Voc — 0.2 V (Note 2) 


CEp < 0.2V (Note 2) 
lo. = 2.1mA 
loy = — 1.0 mA 





Notes: 


(1) Igg = 3mA (max) for -L versions. 


2) Isp1 and Iggo = 0.02 mA (typ) and 0.1 mA (max) for -L versions. 
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AC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 


»PD431000A-70 pPD431000A-85 #PD431000A-10 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 








Read Operation 

Read cycle time tro 70 85 100 ns 

Address access time taa 70 85 100 ns (Note 2) 
CE, access time tcoi 70 85 100 ns _ (Note 2) 
CE access time tco2 70 85 100 ns (Note 2) 
Output enable to output valid toe 35 45 50 ns (Note 2) 
Output hold from address change —_ toy 10 10 10 ns 

CE, to output in low-Z tLz4 10 10 10 ns __ (Note 3) 
CEg to output in low-Z tize 10 10 10 ns (Note 3) 
Output enable to output in low-Z toLz 5 5 5 ns (Note 3) 
CE, to output in high-Z tyz4 25 30 35 ns _ (Note 3) 
CEs to output in high-Z tuze 25 30 35 ns (Note 3) 
Output enable to output in high-Z — toyz 25 30 35 ns (Note 3) 
Write Operation 

Write cycle time twe 70 85 100 ns 

CE, to end of write tow1 60 75 90 ns 

CEp to end of write towe 60 75 90 ns 

Address valid to end of write taw 60 75 90 ns 

Address setup time tas ie) 0 0 ns 

Write pulse width twp 55 65 75 ns 

Write recovery time twr 5 5 5 ns 

Data valid to end of write tow 35 35 40 ns 

Data hold time tou 0 0 0 ns 

Write enable to output in high-Z twHz 25 30 35 ns (Note 3) 
Output active from end of write tow 5 5 5 ns (Note 3) 
Notes: 


(1) Input pulse levels = 0.8 to 2.2 V; input rise and fall times = 5 ns; (2) See figure 1 for output loading. 


timing reference levels = 15 Vv. (8) See figure 2 for output loading. 
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Figure 1. Output Loading 


“Including scope and jig 
83IH-5743B 





Figure 2. Output Loading for tyz;, tuzz2, tiz1, t.z2, toz, tonz, tow, and twuz 


“Including scope and jig 





831H-5744B 


Low Vcc Data Retention Characteristics (-L Version Only) 
Ta = 0 to +70°C 


Parameter Symbol Min Typ Max Unit Test Conditions 
Data retention supply voltage Vecpr1 2 5.5 V CE = Veg - 0.2 V; CEp = Veg - 0.2 V 
or CEo < 0.2V 

Vocpre 2 5.5 V CEs < 0.2V 

Data retention supply current locpri 1 50 pA Voc = 3.0V; CE; = Voc - 0.2 V; 
CEo = Voc -0.2V or CEp = 0.2 V (Note 1) 

locpre A 50 A Voc = 3.0V; CE < 0.2V (Note 1) 
Chip deselection to data retention tcopr 0 ns 
Operation recovery time tp 5 ms 





Notes: 


(1) AtO to 40°C, the maximum for Iogpri and locppe is 15 yA. 
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Figure 3. CE,-Controlled Data Retention Timing 





Data Retention 


VecpR —- — — 


[1] CE2 must be equal to or higher than VCc — 0.2 V, or equal to or lower than 0.2 V. 


The other inputs (Addresses, OE, WE, I/Os) can be in high impedance. 
831H-5749B 





Figure 4. CE2-Controlled Data Retention Timing 


Data Retention 





VCE2 < 0.2V 


[1] The other inputs (Addresses, CE1, OE, WE, Os) can be in high impedance. 


83IH-5750B 
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Timing Waveforms 





Read Cycle 


Address 





CE 4 
tco1 tHZ1 
Zi 
CEo 
tco2 tHZ2 
tLz2 
OE 












High Impedance 
Dour ig p 


<a 
AAS 

Notes: 

[1] WE is high for a read cycle. 


[2] Address valid prior to or coincident with the latter of the low transition of CE 
or the high transition of CE2. 


83IH-5745B 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


Address 


an mua 
ALP UN 


twrR 


tDH 
tow 


Data-in Vatid 
ar eis 


High Impedance 


Data Undefined (Note 4) 


Notes: 

[1] A write cycle occurs during the overlap of a low CE and WEanda high CE2. 
[2] CE or WE must be high or CE2 must be low during address transition. 

[3] If OE is high, the /O pins remain in high impedance. 


[4] During this period, the I/O pins may be in the output state; therefore, input signals of 
opposite phase to the output must not be applied. 





831H-5746B 
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Timing Waveforms (cont) 


CE;-Controlled Write Cycle 


Address 


YM 
= MME NY 
ae 


Taw 
twp - >< wr) 


NY WILLA, 


t 
tow —-—— OH 


Data-in Valid 


High impedance 


Notes: 

[1] A write cycle occurs during the overlap of a low CEy and WEanda high CEo. 
[2] CE1 or WE must be high or CE2 must be low during address transition. 

[3] If OE is high, the /O pins remain in high impedance. | 
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Timing Waveforms (cont) 


CE2-Controlled Write Cycle 


tas 


e//, V 
a 


= WA WHMMMMILL 


DH 


tow 


Data-in Valid 


High Impedance 


Notes: 

[1] A write cycle occurs during the overlap of a low CE yand WE anda high CE2. 
(2] CE or WE must be high or CE2 must be low during address transition. 

[3] If OE is high, the /O pins remain in high impedance. 
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NEC pPD431001 

1,048,576 x 1-Bit 
NEC Electronics Inc. Static CMOS RAM 
PRELIMINARY INFORMATION 





Description Pin Configuration 


The «PD431001 is a 1,084,576-word by 1-bit static RAM 29_pin Plastic SOJ 
fabricated with advanced silicon-gate technology. A 
unique design that uses CMOS peripheral circuits and 
N-channel memory cells with polysilicon resistors 
makes the pPD431001 a high-speed device that requires 
no clock or refreshing. The »PD431001 is available in 
28-pin plastic SOJ packaging. 


Features 


1,048,576-word x 1-bit organization 

Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Separated data input and output 

Three-state outputs 

Power dissipation 

— 120 mA max (active) 

— 2 mA max (standby) 

O Standard 400-mil, 28-pin plastic SOJ packaging 


_ 
° 
S 
= 
iy) 
st 
a 
a. 
= 4 
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Pin Identification 





Symbol Function 
Ordering Information Ao - Aig Address inputs 
Access Din Data input 
Se N° Data output 
MPD431001LE-25 0 25ns_ 28 -pin plastic SOJ as Chip select 
Eeee oo WE Write enable 
GND Ground 
Voc +5-volt power supply 
NC No connection 


60084 7-105 


yPD431001 


NEC 





Absolute Maximum Ratings 
Power supply voltage, Voc -0.5 to +7.0V 
-0.5to Vog + 03V 
-0.5 to Vog + 0.3V 

Oto +70°C 


-55 to +125°C 


Input voltage, Vin (Note 1) 
Output voltage, Vouy 
Operating temperature, Topr 
Storage temperature, Tsrq 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Notes: 
(1) Vin = -—3.0 V minimum for 10 ns maximum pulse. 


Truth Table 

Cs WE Function Dout loc 

H xX Not selected High-Z Standby 
L H Read Output data Active 
L L Write High-Z Active 
Note: 


(1) X = dont care 


Block Diagram 


Address 


Buffer Row 


Decoder 


Control 




















Capacitance 

Ta = +25°C; f = 1 MHz (Note 1); Viq and Voy7 = OV 

Parameter Symbol Min Typ Max Unit 
Input capacitance C 6 pF 
Output capacitance Co 10 pF 
Notes: 

(1) This parameter is sampled and not 100% tested. 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 4.5 5.0 5.5 Vv 
Input voltage, low Vit ~0.5 0.8 Vv 
Input voltage, high Vin 22 Voo +03 V 
Ambient temperature Ta, 0 ' 70 °C 
Note: 


(1) Vit = -— 3.0 V minimum for 10 ns maximum pulse. 


Memory Cell Array 


Output 
Data 


Column 
Control 


Decoder 


Address 
Buffer 


Ag Aion Agi Aya Aig Aig Arg Aig Ai7 Aig Aig 
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DC Characteristics 
Ta = Oto +70°C; Voo = +5.0V + 10% 


uPD431001 


Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current ly -2 2 pA Vin = OVtoVec 
Output leakage current lLo -2 2 pA Vout = OV to Voc; CS = Vin or WE = Vy 
Operating supply current loc 120 mA CS = Vi; tac = tac (min); lout = O mA (Note 1) 
Standby supply current Isp : 30 mA CS = Vis Vin = Vin Or Vi 

Ispi 2 mA CS = Voc - 0.2 V: Vin s 0.2 Vor = Voc -0.2V 
Output voltage, low VoL 0.4 Vv lop = 8.0mA 
Output voltage, high Vou 2.4 Vv lon = —4.0mA 


Note: 
(1) log = 100 mA (max) for the 4PD431001-35. 


AC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10% 


pPD431001-25 


Min Max 


»PD431001-35 


Min Max 











Parameter Symbol Unit Test Conditions (Note 1) 
Read Operation 

Read cycle time trac 25 35 ns (Note 2) 
Read access time taa 25 35 ns 

Chip select access time tacs 25 35 ns 

Output hold from address change tou 5 5 ns 

Chip select to output in low-Z tcLz 5 5 ns (Note 3) 
Chip deselect to output in high-Z tcHz 0 10 0 15 ns (Note 4) 
Write Operation 

Write cycle time two 25 35 ns (Note 2) 
Chip select to end of write tow 20 30 ns 

Address valid to end of write taw 20 30 ns 

Address setup time tas 0 0 ns 

Write pulse width twp 20 25 ns 

Write recovery time twr 0 0 ns 

Data valid to end of write tow 15 20 ns 

Data hold time tou 0 0 ns 

Write enable to output in high-Z twHz 0 10 0 15 ns (Note 4) 
Output active from end of write tow 0 0 ns (Note 3) 





Notes: 


(3) The transition is measured +200 mV from steady-state voltage 
with the load shown in figure 2. 


(4) The transition is measured at Vo, + 200 mV and Voy - 200 mV 
with the load shown in figure 2. 


(1) Input pulse levels = GND to 3.0 V; input pulse rise and. fall time 
= 5ns; timing reference levels = 1.5 V; see figures 1 and 2 for the 
output load. 


(2) All read and write cycle timings are referenced from the last valid 
address to the first transitioning address. 
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Figure 1. Output Load 


‘Including Scope and Jig 





831H-57738, 


Figure 2. Output Load for tcnz, tcrz tow, and twuz 


*Including Scope and Jig 





831H-5774B 
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Timing Waveforms 


Address Access Cycle 


Address 


Previous Data Valid 


Notes: 
[1] WE is held high for a read cycle. 


[2] The device is continually selected, where CS = Vj. 
aalH-57758 





Chip Select Access Cycle 


igh mpedan \/ Y i 
pets YA Oa) 





Notes: 
[1] WE is held high for a read cycle. 


[2] Address valid prior to or coincident with the low transition of Cs. 
831H-5776B 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


NNN MLL 


twR 


ANN 


tpw tDH 


Data-in Valid 
Le sine es tow 


High Impedance 
Data Undefined 


Notes: 


{1] CS or WE must be high during address transition. _ 
[2] A write cycle occurs during the overlap of a low CS and a low WE. 
{3] twrR is measured between CS or WE, whichever rising edge occurs first, and the end of two. 
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Timing Waveforms (cont) 
CS-Controlled Write Cycle 


Address Address Valid 


NII: WLLL LLL 


tow 'DH 


Data-in Valid 


High Impedance 
Data Undefined 


Notes: 


{1] CS or WE must be high during address transition. 
[2] A write cycle occurs during the overlap of a low CS and a low WE. 
[3] twR is measured between CS or WE, whichever rising edge occurs first, and the end of two. 
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NEC Electronics Inc. 


PRELIMINARY INFORMATION 


Description 


The »PD431004 is a 262,144-word by 4-bit static RAM 
fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the 1PD431004 a high- 
speed device that requires very low power and no clock 
or refreshing. 


The »PD431004 is available in standard 28-pin plastic 
SOJ packaging. 


Features 


262,144-word x 4-bit organization 

Single +5-volt power supply 

Fully static operation—no clock or refreshing 
TTL-compatible inputs and outputs 

Common I/O capability 

Low power dissipation 

— 140 mA max (active) 

— 2 mA max (standby) 

QO Standard 28-pin plastic SOJ packaging 


oOoOagaao da 


Ordering Information 

Access Time (max) 
25 ns 
35 ns 


Part Number 
#PD431004LE-25 
LE-35 


Package 
28-pin plastic SOU 
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yPD431004 
262,144 x 4-Bit 
Static CMOS RAM 


Pin Configuration 


28-Pin Plastic SOJ 


x 
So 
o 
= 
oO 
at 
=) 
a 
= 


Pin Identification 


Symbol Function 

Ao - Ai7 Address inputs 

O04 - VO4 Data inputs and outputs 
cs Chip select 

WE Write enable 

GND Ground 

Voc +5-volt power supply 
NC No connection 
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Absolute Maximum Ratings 


Supply voltage, Voc -0.5to +7.0V 
Input and output voltages, Viy (Note 1) -0.5 to Voc + 0.3 
Operating temperature, Topp Oto +70°C 
Storage temperature, Tstg : -55 to +125°C 
Power dissipation, Pp 1.0W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Notes: 


(1) Vin = -3.0 V minimum for 10 ns pulse. 


Capacitance 

Ta = 25°C; Vin and Vpout = OV; f = 1 MHz (Note 1) 

Parameter Symbol Min Max Unit 
Input capacitance Cin 6 pF 

Output capacitance Cpout 10 pF 

Notes: 


(1) This parameter is sampled and not 100% tested. 


Block Diagram 


Address 9 Row 
Buffer Decoder 
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Truth Table 
Function cs 


Not selected 


High-Z Active 


Read 


H 
Output disable L 
L 
Write L 


Notes: 
(1) X = dont care. 


WE OE 
X xX 
H oH 
H L 
L xX 


Input/Output lec 
High-Z Standby 
Dout Active 


~ Din ' Active 


Recommended Operating Conditions 


Parameter 
Supply voltage 


Input voltage, high 


Input voltage, low 


Symbol Min 
Voc 4.5 

Vin 2.2 

Vit -0.5 
Ta 0 


Typ Max Unit 
5.0 5.5 Vv 
Voc +03 V 
0.8 Vv 


Operating temperature 


Notes: 


70 °C 


(1) Vii = -3.0 V minimum for 10 ns puise. 


Memory Cell 
Array 


Sense/Switch 


Column 
Decoder 


Address 
Buffer 


Ag Aigo Ati Ai2 Ais Ata Aig Aig Ai7 
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DC Characteristics 
Ta = OtO +70°C; Vog = +5.0V + 10% 








Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current ley -2 2 BA Vin = OV to Voc 
Output leakage current lLo -2 2 BA Vout = OV to Voc; CS = Vin or WE = Vi or OF = Vi 
Operating supply current loc 140 mA CS = Vis tac = tac (min); Ipout = O mA (Note 1) 
Standby supply current Isg 30 mA CS = Vin 
Isp4 2 mA CS = Voc - 0.2 V; Vin Ss 0.2V ore Voo-0.2V 
Output voltage, low VoL 0.4 Vv lo. = 8.0mA 
Output voltage, high Vou 2.4 Vv lon = ~4.0mA 
Notes: 


(1) log = 120 mA (max) for the 1PD431004-35. 


AC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10% 








pPD431004-25 pPD431004-35 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Read Operation 
Read cycle time tac 25 35 ns (Note 2) 
Address access time taa 25 35 ns 
Chip select access time tacs 25 35 ns 
Output hold from address change too 5 5 ns 
Output enable access time tog 10 15 ns 
Output enable to output in low-Z toLz 0 0 ns (Note 3) 
Output disable to output in high-Z tonz 0 10 0 15 ns (Note 4) 
Chip selection to output in low-Z tcLz 5 5 ns (Note 3) 
Chip selection to output in high-Z toyz 0 10 0 15 ns (Note 4) 
Write Operation 
Write cycle time two 25 35 ns (Note 2) 
Chip select to end of write tow 20 30 ns 
Address valid to end of write taw 20 30 ns 
Address setup time tas 0 0 ns 
Write pulse width twp 20 30 ns 
Write recovery time twr 3 3 ns 
Data valid to end of write tow 12 20 ns 
Data hold time ton 0 0 ns 
Write enable to output in high-Z twHz 0 8 0 10 ns (Note 4) 
Output active from end of write tow (e) 0 ns (Note 3) 
Notes: 
(1) Input pulse levels = GND to 3.0 V; input pulse rise and falltimes __ (8)_ Transition is measured at +200 mV from steady-state voltage 
= 8ns; timing reference levels = 1.5 V; see figures 1 and 2 for with the load shown in figure 2. 
output load. (4) Transition is measured at Vo, + 200 mV and Voy - 200 mV with 
(2) Allread cycle timings are referenced from the last valid address to the load shown in figure 2. 


the first transitioning address. 
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Figure 1. Output Load 


“Including Scope and Jig 





Figure 2. Output Load for tcyz, tciz, tonz toLz twuz. and tow 


*Including Scope and Jig 


831H-4831A 





7-116 


NV. E Cc uPD431004 


Timing Waveforms 





Address Access Cycle 


Address Address Valid 


Previous Data Valid Data Valid 


Notes: 
(1] WE is held high for a read cycle. 


[2] The device is continually selected, where CS =OE = VIL 
831H-62698 





Chip Select Access Cycle 


tHZ 


(1 re 


High Impedance OX 


Ta) 





Vcc 
Supply 
Current 


Notes: 
[1] WE is held high for a read cycle. 
[2] Address valid prior to or coincident with the low transition of cs. 


[3] OE = Vi. 
831H-62708 
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Timing Waveforms (cont) 


Output Enable Access Cycle 


tro 


High Impedance 


(1] WE is held high for a read cycle. 
[2] The device is continually selected, where CS = Vj. 





WE-Controlled Write Cycle 


not WAM MMLALLILLLLLLL 


twR 


'DH 


Data-in Valid 
Cis Lag 


Notes: 

[1] CS or WE must be high during address transition. 

[2] If OE is high, the /O pins remain in high impedance. 

[3} During this period, the /O pins may be active (OE low). Therefore, data 


input signals of opposite polarity to the outputs must not be applied. 
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Timing Waveforms (cont) 


CS-Controlled Write Cycle 
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Data-in Valid 
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Notes: 
[1] CS or WE must be high during address transition. 
(2] If OE is high, the /O pins remain in high impedance. 


[3] During this period, the /O pins may be active (OE low). Therefore, data 
input signals of opposite polarity to the outputs must not be applied. 
831H-6273B 
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Introduction 


The evolution of low-power, high-capacity, high-speed 
memory technologies has led the system designer to 
novel and highly portable computer designs. As tech- 
nology has advanced to low-power devices, it has 
become possible to make an entire system nonvolatile 
for the life of the product. 


To provide this nonvolatile function, secondary power 
sources are mounted on a printed circuit board con- 
trolled by a backup circuit that switches from the 
primary power to secondary power during power 
failures. The backup issue is considered as part of the 
overall system design, and the choice of a secondary 
power source and backup circuit are based on the 
unique characteristics of each application. 


This application note deals with the issues of providing 
a nonvolatile memory system. A review of the evolution 
of static RAMs (SRAMs) with regard to state-of-the-art, 
low-power SRAM technology is followed by an example 
of secondary power sources, as well as several sample 
backup circuit designs. 


SRAM Technology 


The SRAM historically has been used by system 
designers to provide a high-speed, low-power data 
storage function for a variety of computer architec- 
tures. The higher cost-per-bit compared to dynamic 
memories is offset by a simpler circuit design that 
features a nonmultiplexed address structure, simple 
timing signals, and no refresh requirement. 


Six-Transistor Cell 


The development of the SRAM memory cell has 
followed the trail of bipolar, NMOS, and CMOS tech- 
nologies in that large-capacity memory devices require 
minimal cell size, not only to reduce power require- 
ments, but also to be able to fit the die into the package. 





APPLICATION NOTE 50 
BATTERY BACKUP 
CIRCUITS FOR SRAMs 


The static memory cell is basically a cross-coupled 
flip-flop circuit requiring no clocks or refreshing. Early 
six-transistor NMOS static memory cell designs 
employed the use of enhancement or depletion mode 
FETs as load devices. Figure 1 shows an example using 
depletion loads. Q3 and Q4 are depletion-type devices 
fabricated such that they are always conductive when 
their respective gate and source nodes are shorted 
together. If the gate of enhancement device Q2 is 
written to a low level using Q5 and the data line, Q2 
turns off. This allows load device Q4 to pull its source 
node high and turn on Q1; the write operation using 
Q6 also helps this action. The cell is designed so that 
Q1 has much lower “on” resistance than its load Q3. 
After the write operation ends, and Q5 and Q6 are off, 
Q1 keeps its drain node at a low level to maintain Q2in 
the off state, while the drain node of Q2 is maintained 
high by Q4. The stored voltages are stable. 


Figure 1. Six-Transistor Cell—Depletion 
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Four-Transistor Cell 


As NMOS technology evolved, the active device for 
the load was replaced with polysilicon resistors (see 
figure 2). With the polysilicon load resistor, current 
levels of less than 1 nA are achievable. Because of 
these low-current levels, the cell can be used in 
advanced SRAMs with very high memory density and 
low standby current. NEC uses this technology in its 
low-power family of SRAMs to facilitate their use in 
battery backup applications. This type of core cell is 
used in.both NMOS and CMOS SRAMs from NEC. 


CMOS Cell 


CMOS technology, with its high-speed, low-power 
characteristics, makes an attractive choice for memory 
backup systems. 


In figure 3, Q1-Q3 and Q2-Q4 form two CMOS inverters 
that are cross-coupled to form the conventional flip- 
flop of the SRAM cell. Unlike the enhancement or poly- 
silicon resistor cells, the CMOS cell does not have a 
dc current path (other than leakage) in either of its 
quiescent logic states. While the potentially lower- 
leakage and wider-voltage operating range makes the 
six-transistor CMOS cell very desirable for battery 
backup operation, the large die area required makes it 
less competitive in cost and memory density. 
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Figure 2. Four-Transistor Cell—Polysilicon Resistor 
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Figure 3. CMOS Cell 
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Battery Backup Concept 


The goal of a memory backup system design is to 
guarantee memory data retention for days, months, or 
years. In the past, these memory backup circuits were 
implemented as part of the computer’s power supply 
circuit. Today, the memory backup function is designed 
as part of the individual memory circuit, where each 
provides aconstant secondary (backup) power source 
and the necessary circuitry to detect power failures 
and isolate the main power supply from the backup 
power source (battery). The battery backup circuit 
must be an integral part of printed circuit board layout. 
Furthermore, SRAM technology must be able to guar- 
antee the requirements of the memory battery backup 
function. The following sections discuss in detail the 
aspects of memory battery backup circuit design using 
NEC’s low-power SRAM technology. 


Figure 4. Battery Backup System Block Diagram 


AC Power —> 


Power Supply 
Monitor 
Circuit 
{Note 1} 


Notes: 
[1] May be located on memory PCB. 
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Atypical functional block diagram for amemory battery 
backup system is illustrated in figure 4. The power 
supply converts ac voltage into a regulated dc voltage, 
which powers all of the system components (Vcc). The 
power supply monitor circuit detects a power failure 
and generates an interrupt to the CPU. This circuit also 
signals the memory circuit to deselect the memory 
array, thus protecting the memory from false CPU 
commands. The power supply monitor circuit may be 
centralized to the power supply or decentralized to 
each memory circuit. 


On the memory circuit, power failure is sensed by a 
voltage-detector circuit, which isolates the system 
power from the memory power, allowing the backup 
battery to become active. 


System Power [Vcc] 


Memory PCB 


Voltage Detector | Memory Power [Vccm] 
and 
isolation Circuit 


Backup Memory 
Battery Array 


Power OK 
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Backup Battery Selection 
Battery Type 


Nickel-cadmium batteries and lithium batteries were 
compared for use in a memory battery backup appli- 
cation. Although nickel-cadmium batteries have been a 
popular choice for this application, recent years have 
seen the development of lithium batteries. Some 
characteristics of these two types of batteries are 
contrasted in table 1. For additional comparison, the 
characteristics of current drain versus operating time 
for nickel-cadmium and lithium batteries are shown in 
figures 5 and 6, respectively. 


Since lithium batteries provide a constant current for 
up to 10 years in this type of low-power application, 
they were chosen over nickel-cadmium for this design 
example. A single 3-volt lithium battery is adequate for 
most CMOS SRAM applications. If higher voltage is 
required, batteries may be connected in series. 


Physical characteristics of a battery are determined 
by the manufacturer according to common system 
requirements. The designer must select a battery of the 
proper size and shape to meet the requirements of 
printed circuit board technology. Such requirements 
may include terminal connections and solderability. 











Table 1. Lithium Versus Nickel-Cadmium Battery 
Characteristics 

Characteristic Lithium Nickel-Cadmium 

Shelf life 10 years 6 months 

Rechargeable no yes 

Energy density 5000 mAh* 4000 mAh* 

Cost moderate moderate 

PCB-compatible yes yes 


*milliampere hours 
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Figure 5. Current Drain Versus Operating Time— 
Nickel Cadmium Battery 
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Figure 6. Current Drain Versus Operating Time— 
Lithium Battery 
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Battery Capacity 


Battery capacity defines the current drive of the battery 
over a period of time, measured in milliampere hours 
(mAh). Required capacity of the battery selected for 
the memory backup circuit can be determined from the 
following formula: 


Current required (mA) x time in backup mode (hours/day) x 365 
days/year x number of years 


Figure 7. Lithium Discharge Characteristics— 
= 20 uA Load 
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Battery capacity is affected by temperature, humidity, 
and load conditions. The designer must ensure that 
these conditions do not degrade the operating life 
(discharge characteristics) of the battery. Figures 7 
and 8 show the effects of temperature and load current 
variations on lithium battery discharge characteristics. 


Figure 8. Lithium Discharge Characteristics— 
= 8.5 mA Load 
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Design Example 


This section presents and documents a detailed battery 
backup design example. The discussion encompasses 
SRAM memory array design, current and voltage 
requirements, voltage-detector and isolation circuitry, 
and memory protection design considerations. — 


SRAM Memory Array 


For the battery backup design example, NEC’s 
uPD43256A-15LL (a CMOS-fabricated, 150-ns SRAM 
memory device) is used to implement the memory 
array, configured as 32K by 32 bits using four 
32K x 8-bit memory devices (figure 9). The memory 
array’s interface of common address lines, common 
1/O lines, and control signals are asserted by control 
logic common to all devices. However, the power 
supply connection to the. memory array requires 
special consideration. The power plane of the memory 
array must be isolated from the system power supply 
to ensure that the backup battery drives only the 
memory array (see “Voltage-Level Detector and 
Isolation Circuit Design”). 


Current and Voltage Requirements 


The first task for the designer is to define the required 
battery capacity. Table 2 shows data retention charac- 
teristics for the w~PD43256A SRAM. The maximum data 
retention current for this device is 20 wA at 0 to 70°C. 
For a circuit with four memory devices, total memory 
array current is 4 x 20 wA = 80 PA. 


Figure 9. SRAM Memory Array 
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The battery’s operating period is assumed to be 10 
years at 12 hours-per-day. Using the formula shown 
under “Battery Capacity,” the required capacity of the 
battery can be derived from this calculation. 


80 wA x 12 hours/day x 365 days/year x 10 years = 3504 mAh 


Requirements for the data retention voltage of the 
uUPD43256A SRAM are defined in table 2, while figure 
10 shows timing requirements for. data retention with 
respect to the CS chip select signal. 


Table 2. uPD43256A SRAM Data Retention 





Characteristics 
Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Data retention Vocpr _ 2.0 55 V CS=Vc-0.2V 
supply voltage 
Data retention —Iccpr 1 50 pA Veo=3.0V; 
supply current ce =Vec - 0.2 V 
(Notes 1, 2) 
Chip deselection tcpr 0 ns 
to data retention 
Operation tr tec ns 


recovery time 


Notes: 

(1) wPD43256A-LL: IogprR = 20 wA (max) for Ta = 0 to 70°C and 
3 uA (max) for Ta = 0 to 40°C. 

(2) uPD43256A-L: IocpR = 15 uA (max) for Ta = 0 to 40°C. 


uPD43256A-15LL 


vPD43256A-15LL 
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Figure 10. Data Retention Timing Waveforms 


CS = Vcc — 0.2V 
GND —-==-———-——-—-— - —- - - + + 


Note: 


[1] The other inputs [Addresses, OE, WE, I/Os] can be ina 
high-impedance state. 
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Battery Protection. Figure 11 shows the battery por- 
tion of the memory battery backup circuit. This portion 
of the circuit must be designed to provide the required 
data retention voltage and energy capacity for the 
memory backup function, yet protect the battery from 
reverse (charging) current. The diode and resistor 
shown in figure 11 were selected to protect the battery 
according to UL standards. 


Since lithium batteries are not rechargeable, current- 
limiting protection must be provided to control the 
amount of current from the main power supply. For this 
purpose, the designer must select a diode that protects 
against charging current, yet provides sufficient volt- 
age for memory battery backup. 


The UL-allowabie charging current for a lithium battery 
is specified as 1% of the battery capacity, calculated 
as follows: 


1% x capacity of battery (mAh) + (amount of time charging may 
occur (hours/day) x 365 days/year x number of years) 


In this design example, a minimum capacity of 
3504 mAh is required. The closest standard-size lithium 
battery has a capacity of 5000 mAh. The allowed 
charging current of this battery for a 10-year period is 
calculated in this way: 


1% x 5000 mAh = (12 hours/day x 365 days/year x 10 years) = 1.1 A 
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Therefore, the diode selected to protect the battery 
must have a maximum reverse leakage current rating 
of 11 wA. To maintain the required data retention 
voltage at the memory device, a diode with a small 
forward-voltage drop must be selected. A Schottky 
diode, with a forward-voltage drop of 0.2 volt, provides 
a 2.7-volt battery backup voltage and also meets the 
reverse leakage current specification for this circuit. 


According to UL standards, the battery must also be 
protected against charging currentin case the protec- 
tion diode is damaged. The designer must select a 
current-limiting resistor for this purpose. Resistor value 
is determined according to this formula: 


(Voc ~ Veattery) + Maximum charging current 


UL standards specify a maximum charging current of 
5 mA. Therefore, for the circuit in this design example, 
the minimum resistor value is specified as follows: 


(5.5 —3V) +5mA=5000 


Selecting the aforementioned Schottky diode and a 
standard 10% resistor value of 560 Q would guarantee 
minimum data retention voltage forthe battery backup 
circuit. Total voltage drop across the protection diode 
and current-limiting resistor is equal to 0.245 volt, 
which provides a memory backup voltage of 2.755 
volts—well above the minimum data retention voltage 
of 2 volts. 


Figure 11. Backup Energy Source Circuit 
VoR = 2.755 V 
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Voltage-Level Detector and Isolation 
Circuit Design 


The designer must also determine the best method 
for detecting power failures and isolating the main 
power supply from the backup battery. The circuit 
designed for these functions must fulfill two require- 
ments: 1) sustain maximum operating current for the 
memory array, and 2) provide isolation protection 
during battery backup operation. Several design alter- 
natives for voltage-level detector and isolation circuits 
are discussed in this section. The standards of com- 
parison between these circuits are relative simplicity of 
design and voltage drop of the isolation element. 


Note: In applications that are subjected to brownouts or 
extreme temperatures, these voltage-level detector 
and isolation circuits. will minimize unnecessary 
cycling of the backup battery. However, considera- 
tions must be made to protect the memory devices 
from unstable circuit conditions, especially during 
power failure. For a discussion of memory protection 
under these circumstances, refer to “System Power 
Failure Design Considerations,” following this section. 


The designer must first determine maximum operating 
current of the memory array. Since maximum operating 
current for the w~PD43256A SRAM is specified as 35 mA, 
total operating current is calculated as 4 x 35 mA = 
140 mA for the memory array in this design example. 


Diode Isolation Circuit. The diode isolation circuit in 
figure 12 provides a simple approach to memory 
battery backup. The isolation diode (D1) must be able 


to sustain the maximum memory operating current,. 


yet minimize voltage skew between Vcc and Vocm by 
limiting forward-voltage drop. A large voltage skew 
could cause illegal conditions to occur in normal 
system operations. A typical silicon diode with a 
forward-voltage drop of 0.7 V at a 140-mA load current 
would provide a large voltage skew between Vcc and 
Vocm. Since SRAM V¢¢ is 0.7 V less than the level of a 
logic signal from a device not in the backup system, 
Voc would have to be adjusted to a nonstandard level 
of 5.7 V to maintain Voc at 5 V. 


In contrast, a Schottky diode typically provides a 
forward-voltage drop of 0.2 V ata3-A load current. This 
low voltage drop minimizes voltage skew and maintains 
logic input levels to within 0.2 V of Voc, which makes 
the Schottky diode an ideal choice for the diode isola- 
tion circuit. 
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Voltage-Level Detector Circuit. The diode isolation 
circuit provides a simple means of battery backup, but 
some applications may require a circuit that minimizes 
voltage skew and has a more defined threshold level. 
The voltage-level detector circuit shown in figure 13 
would allow the designer to fulfill these system 
requirements. , 


The voltage-level detector circuit isolates the supply 
voltage from the memory voltage when the voltage 
level falls below Vcc minimum. Threshold voltage is 
specified by using a zener diode in the voltage-divider 
circuit of figure 13. Care must be taken to ensure that 
marginal Vcc levels do not cause unnecessary cycling 
of the backup battery. 


Figure 12. Diode Isolation Circuit 
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Figure 13. Voltage-Level Detector Circuit 
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The voltage-level detector circuit consists of zener 
diode Z1, switching transistor Q1, and the R1 and R2 
voltage-divider network. The collector of Q1 is con- 
nected to the base of PNP isolation transistor Q2, 
isolating Voc from Voom when the Vcc voltage level 
falls below threshold. Threshold voltage (Vr) is 
determined by Vty = Vz + Vpe1, where Vz is zener 
voltage and Vp_q is the base-to-emitter voltage drop of 
Q1. The threshold voltage in figure 13 is 3.9+0.6V= 
4.5 V, which is the specification for minimum Vcc. 
When Vcc drops below minimum specification, the 
zener diode operates in its forward-voltage region, and 
no base current flows into Q1. Q1 is then forced into 
cutoff. With Q1 in cutoff, no base current flows into Q2, 
consequently forcing Q2 into cutoff and isolating Vcc 
from Voc. 


Isolation transistor Q2 must be capable of supplying a 
maximum memory operating current of 140 mA and 
also must provide a minimum Vgaz to reduce voltage 
skew. The PNP 2N2907 medium-power transistor 
chosen for this application can drive up to 150 mA with 
a dc gain range of 100 to 300. The maximum base 
current needed to turn on Q2 is calculated as follows: 


IBq2 = !cqe + hte = 140 mA + 100 = 1.4 mA 


Since the base of Q2 is connected to the collector of 
Q1, and Igq2 = Icqi, Qi must be capable of driving a 
collector current of 1.4 mA or greater. The choice for 
Q1 is an NPN 2N3904, a general-purpose transistor 
with an Ic maximum of 10 mA and an hfe of 100. The 
base current needed to turn on Q1 is calculated at 
3 mA = 100 = 30 wA, which is much less than the 
maximum lIgq; provided by the Ri-R2 network. The 
voltage divider R1-R2 must also forward-bias the 
base-emitter junction of Q1 to allow the transistor to 
operate in its active region. The voltage at the Q1 base 
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node is 4.1 volts, which keeps Q1 turned on until 
threshold voltage is reached. 


The circuit in figure 13 was characterized, and the 
relationship between the input and output voltage for 
two output loads is shown in figure 14. At an input 
voltage level of 4.5 V, the output voltage maintains a 
voltage level higher than the minimum data retention 
voltage of 2 V. 


Schmitt Trigger Voltage-Level Detector. The voltage- 
level detector circuit is an improvement over the diode 
isolation circuit. However, the threshold point is sensi- 
tive to variations in Q1 gain, and could cause oscilla- 
tions around the trigger point, draining the backup 
battery. The circuit shown in figure 15 reduces thres- 
hold sensitivity by adding an operational amplifier, 
thereby improving threshold margin by introducing 
hysteresis into the threshold region. This comparator 
circuit is commonly referred to as a Schmitt trigger. 


Figure 14. _ Voltage-Level Detector/Transfer Function 
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Figure 15. Schmitt Trigger Voltage-Level Detector Circuit 
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The noninverting input of the u.PC358 is connected to 
a reference-voltage network consisting of R4 and R5. 
This reference voltage, when compared to the input 
voltage on the inverting input, determines when the 
output of the operational amplifier will transition. 
If a loop gain in excess of unity is chosen, the output 
waveform continues to be virtually discontinuous at 
the comparison voltage. However, at this point, the 
circuit would exhibit a phenomenom called hysteresis. 
Hysteresis voltage is determined by the resistor net- 
work of R4 and R85. | 


Figure 16 illustrates the response of the Schmitt trigger 
voltage-level detector circuit to the input signals 
connected to the noninverting input of the wPC358. 
When the input voltage reaches the value V1, the 
output goes high, and when the input is at V2, the 
output transitions to the low state. The difference 
between the input signals (Vi — V2) is called the 
hysteresis voltage (V}). Therefore, the threshold volt- 
age is dependent upon two input values, increasing the 
threshold sensitivity by the difference between the two 
voltages. For the circuit in figure 15, Vy is equal to 
0.34 V. This circuit provides the best response of the 
three backup circuits, but at a cost of increased device 
count. 


The circuit in figure 15 was characterized, and the 
relationship between input voltage and output voltage 
fora 100-kQ output load is shown in figure 17. When the 
input voltage reaches 4.5 V (V1), the output voltage is 
set at a level higher than the minimum data retention 
voltage. Output voltage does not change until input 
voltage reaches a value of 4.1 V (V2). 


System Power Failure Design Considerations 


As shown in figure 18, Vcc decays slowly after power 
failure, providing time for an orderly system shutdown. 
Even during an orderly shutdown, the system may 


generate spurious memory commands, causing viable _ 


data to be overwritten. The designer can use the status 
signal generated by the system’s power supply monitor 
circuit to protect the memory from false CPU com- 
mands after power failure. (The power supply monitor 
circuit is shown as part of the memory battery backup 
system in figure 4.) 
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Figure 16. Response of the Schmitt Trigger 
to an Arbitrary Signal 
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Figure 18. Power Failure Vcc Profile 
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The power supply status signal (Power OK) remains 
inactive during the entire time Vcc is off to force the 
output of the NAND gate to remain inactive (high). This 
status signal also is sent to the NAND gate of the 
memory circuit (“Power OK” in figure 19). The memory 
circuit “ands” this status signal with the other control 
signals and deselects the memory array before any 
false commands are generated. 


Once the backup circuit has taken over and the 
memory array has been deselected, CS must be 
maintained at Vcc — 0.2 V. The 10 kQ resistor ensures 
that the requirement for CS = Vocm — 0.2 V is met. 


If a power supply monitor circuit is not provided, the 
designer may design one. The circuit shown in figure 
20 uses a voltage-level detector design to detect when 
Voc falls below 4.5 V. This circuit is similar to the 
voltage-level detector circuit used in the battery backup 
design example. Rather than control an isolation 
transistor, this power supply monitor circuit generates 
a power supply status signal (Power OK) to the 
memory select logic. 


The circuit shown in figure 20 is subject to oscillations 
due to variations in Q1 gain and limited threshold 
margins. The addition of a Schmitt trigger to the power 
supply monitor circuit (figure 21) increases threshoid 
margins by introducing hysteresis into the threshold 
region. The amount of hysteresis is determined by the 
values of R4 and R5. When input voltage falls below 
4.5 V, the circuit generates a low signal (Power OK) to 
the memory select logic, and the memory array is 
deselected. Power OK remains low, because R85 pulls it 
down as long as Vcc is off. 


BATTERY BACKUP CIRCUITS FOR SRAMs 


Figure 19. Memory Array Deselect Circuit 
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Figure 20. Power Supply Monitor Circuit 
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Introduction 


Supercaps are an innovative type of capacitor provid- 
ing a volumetric efficiency (i.e, capacitance per unit 
volume for a given voltage) of 10 to 50 times that of 
conventional aluminum electrolytic capacitors. High 
capacitance (2.2 million uF) and low leakage current 
make the supercap an efficient, reliable and cost- 
effective energy storage device. 


In 1879, the theory of electric double-layer capacitance 
was introduced by Helmholtz, but the first electric 
double-layer capacitor using solid electrolyte wasn’t 
developed until 90 years later, a gap caused in part by 
a lack of proper materials. In 1979, NEC introduced its 
electric double-layer supercapacitor, nicknamed super- 
cap, and with it a new manufacturing technology and 
newly developed construction materials. 


Today NEC manufactures an extensive line of super- 
caps to meet a variety of demands. For example, large 
current backup is provided by our FA- and FE-series, 
small current backup by our FY-series, moderate cur- 
rent backup by the FS-series, and wide operating mar- 
gins by the FR-series. 


Figure 1. Basic Model of a Supercap 
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Theory of Operation 


At each interface (figure 1), an array of charged parti- 
cles and induced charges is thought to exist. This array 
is known as an electric double layer. The large capaci- 
tance of an electric double-layer capacitor arises from 
the charge stored at the interface as the electric field 
changes across two available phases. In a supercap, 
one phase consists of activated carbon particles and 
the other of sulfuric acid solution as an ionically con- 
ducting electrolyte. In general, the relationship of the 
charge per unit area (7) and the double-layer potential 
(#) is reflected by the following equation: 


n= [d/(4nd|x@ 


where d is the dielectric constant of the interface 
media and 6 is the mean distance between the solid 
surface (polarizable electrode) and the ionic center 
The value of 6 is a few angstroms. In the Helmholtz 
model, the potential gradient exists only in the area of 
the electric double layer. As a result, the potential curve 
is as shown in figure 1. 


DOOD) 
BXDEXD IEE) 
ODODVOOOUOOD 


ODODDDOOOODH 


Electric Double Layer 


oe 
—s 


Potential at Zero Voltage 





Supercap is a trademark of NEC Corporation. 
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Potential with Voltage Applied 
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If @o represents @ when no external bias is applied, 
then the calculation is expressed this way: 


No = [d/ (4n8)] x Po 


Conversely, some charges are accumulated at the 
interface if an external electric field is applied to the 
system shown in figure 1. In this case, the potential 
rises to @; and the charge of n,; can be accumulated as 
shown by this equation: 


m = [d/ (4x8 x (261 - Po) 


The charge equivalent to 7, can be accumulated by 
changing the external electric field, as follows: 


™ = 2no (P1 / Po), where (1 > Po) 


The experimental result, using mercury as a polarizable 
electrode, shows a 20 to 40 uF/cm2 value. Therefore, if 
the activated carbon behavior is the same as that of 
mercury, the capacitance for a capacitor consisting of 
activated carbon with a 1,000 m2/g surface area is 
calculated to be 200 to 400F/g, avery large value. In this 
way, a device with large capacitance and small size can 
be easily manufactured. 


Structure 


The cross section of a unit cell is shown in figure 2. The 
activated carbon particles moisturized (semi-liquid 
state) by diluted sulfuric acid electrolyte are segre- 
gated by a porous, ion-permeable separator. The unit 
cell is sealed by the electroconductive polymer and a 
nonconductive rubber gasket, which are vulcanized 
simultaneously. No adhesive glue is used for the seal. 


Figure 2. Unit Cell 


Electroconductive Rubber 


Rubber Gasket 


lon-Permeable Separator 


Activated Carbon Moisturized by Electroctrolyte 
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The breakdown voltage of the unit cell can be as low as 
1.2 volts (thermodynamically), which is the decompo- 
sition voltage of aqueous electrolyte solution. There- 
fore, several unit cells are stacked in series to get the 
required rated voltage (figure 8). 


Performance 


Supercaps have no standard specifications from 
groups such as the EIA and, accordingly, are specified 
by individual manufacturers. For example, NEC has 
specifications to cover the following: 


@ Operating temperature 

e@ Maximum working voltage 

@ Capacitance 

e@ Capacitance tolerance 

e Equivalent series resistance’ (ESR) 
e Charging (leakage) current at 30 minutes 
@ Voltage holding characteristics 

e@ Temperature characteristics 

e@ Lead terminal strength 

@ Vibration 

© Solderability 

e@ Resistance to soldering heat 

e@ Temperature cycling 

e@ Humidity 

@ Load life 


Detailed information can be found inthe data sheets for 
each series. — 


Note: 

[1] Due to relatively high ESR, supercaps may be unsuitable for 
filtering applications. ESR involves different resistance factors in 
the electrolyte, the activated carbon particles, the carbon to 
electroconductive polymer contacts, and the contacts between 
cell units, among others. 


Calculating Required Supercap Size 


When the required backup current is on the order of 
miliamps or more, size is determined as shown in figure 
4. When backup current is on the order of microamps or 
less, figure 5 applies. Keep in mind that the curves in 
figure 5 are approximations and actual backup time 
may vary. 
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Figure 3. Cross Section Figure4. Relationship Between Voltage and Time 
While the Supercap is Charging and 
Discharging 
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Voltage drop (caused by 


VOLTAGE Equivalent Series 
Resistance) = ESR x I 


Unit Cells 


Insulator 
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Lead Terminals 
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Notes: <“tBackup >” 
(1) | = Backup current (A) : 

(2) Eo = Charging voltage (V) 

(3) Vmin = Minimum working voltage for loads (V) 

(4) AV = Eo -Vmin 





Figure 5. Minimum Backup for CMOS RAMs 
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Applications 
Supercaps typically are used as 


e Backup power during primary outages 

e Backup power during voltage drops caused by 
heavy loads 

e Backup sources to primary batteries 


As battery backup sources for the microcomputer and 
memory devices found in VCRs, AM-FM tuners, cam- 
eras and hand-held computers, their primary function 
is to prevent errors in operation during power outages 
(figure 6). Until recently, batteries or electrolytic capac- 
itors have been used, but because batteries have to be 
replaced or recharged and aluminum capacitors are 


Table 1. Comparison of Features 


NEC 


too large, supercaps are an excellent alternative to 
traditional backup technologies. 


Figure 6. Basic Backup Circuit Using a Supercap 


For Protection of 
Power Source 
(Not Supercap) 


Power 
Source 
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Aluminum Electrolytic 





Features Supercaps Ni-Cd Batterles Lithium Batteries Capacitors 
Operating temperature -40 to 85°C ~20 to 65°C -20 to 60°C ~40 to 85°C 
Working voltage 5.5 V and 11 V 1.2V 3V Over 6.3 V 
Capacitance 1 210 360 0.01 


Charging time Several seconds 


Charging current limitations None 
. Charge/discharge cycles Infinite (more than 105 times) 
Reflow soldering Applicable 


Materials safety 


Several hours — 
Limited _ 

300 to 500 times — 
Not applicable 


Cadmium 


Several seconds 
None 
Infinite (more than 105 times) 
Not applicable Applicable 


No noxious materials No noxious materials 


No noxious materials 





Notes: 


(1) Capacitance is shown as a ratio to the supercap’s electric charge 
per unit volume. 


Table 2. Advantages and Disadvantages of Alternate Sources to Supercaps 


Backup Source 
Ni-Cd Battery 


Advantages 
Rechargeable 


Large capacity 


Disadvantages 


Noxious materials 


Must be replaced every 6 months to 2 years because of limited charge/ 


discharge cycles 


Needs protection against rapid charging 


May be broken by shorting terminals after charging 


Lithium Battery Large capacity 


Unsuitable for high current applications 


No reflow soldering 


Not rechargeable 


Aluminum Electrolytic Capacitor 


Easy to use 
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Small capacitance 
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Supercap 





Figure 7. Memory Backup Circuit Block Diagram 


Decoder 


To ROM or RAM 
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ECL RAMs 


Section 8 
ECL RAMs 


uPB10422 
256 x 4-Bit 10K ECL RAM 


uPB10470 
4,096 x 1-Bit 10K ECL RAM 


pPB10474 
1,024 x 4-Bit 10K ECL RAM 


pPB10474A 
1,024 x 4-Bit 10K ECL RAM 


uPB10474E 
1,024 x 4-Bit 10K ECL RAM 


uPB10480 
16,384 x 1-Bit 10K ECL RAM 


uPB10484 
4,096 x 4-Bit 10K ECL RAM 


uPB10484A 
4,096 x 4-Bit 10K ECL RAM 


uPB10A484 
4,096 x 4-Bit 10K ECL RAM 


pPD10500 
262,144 x 1-Bit 10K BICMOS ECL RAM 


pPD10504 
65,536 x 4-Bit 10K BICMOS ECL RAM 


8-13 


8-19 


8-25 
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8-39 


8-45 


8-51 
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pPB100422 
256 x 4-Bit 100K ECL RAM 


pPB100470 
4,096 x 1-Bit 100K ECL RAM 


pPB100474 
1,024 x 4-Bit 100K ECL RAM 


pPB100474A 
1,024 x 4-Bit 100K ECL RAM 


pPB100474E 
1,024 x 4-Bit 100K ECL RAM 


pPB100480 
16,384 x 1-Bit 100K ECL RAM 


pPB100484 
4,096 x 4-Bit 100K ECL RAM 


pPB100484A 
4,096 x 4-Bit 100K ECL RAM 


»PB100A484 
4,096 x 4-Bit 100K ECL RAM 


»PD100500 
262,144 x 1-Bit 100K BICMOS ECL RAM 


pPD100504 
65,536 x 4-Bit 100K BiCMOS ECL RAM 
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8-93 
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8-105 


8-111 


8-117 


8-123 


8-129 


NEC 


NEC Electronics Inc. 


uPB10422 
256 x 4-Bit 
10K ECL RAM 





Description 


The pPB10422 is a very high-speed 10K interface ECL 
RAM organized as 256 words by 4 bits and designed with 
noninverted, open-emitter outputs and low power con- 
sumption. Two versions with fast access times of 7 and 
10 ns maximum are available in 24-pin ceramic DIP 
packaging. 


Features 


B 


256-word x 4-bit organization 

10K ECL interface 

Noninverted, open-emitter outputs 
Fast access times 

Low power consumption 

24-pin ceramic DIP packaging 


oo0 


o0 


Ordering Information 


Access Supply 

PartNumber Time (max) Current(min) Package 

pPB10422D-7 7ns —220 mA 24-pin ceramic DIP 
D-10 10 ns 





Pin Configurations 


24-Pin Ceramic DIP 





N 
N 
wt 
oO 
— 
faa) 
a 
= 


831H-6174A 


Pin Identification 


Symbol 
Ag - Az 
Diy - Dig 
DO, - DO, 
BS, 7 BS, 
WE 

Voc 

Voca 

VEE 


Function 

Address Inputs 

Data inputs 

Data outputs 

Block select inputs 

Write enable 

Power supply (current switches and bias driver) 
Power supply (output devices) 

Power supply 
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Absolute Maximum Ratings 


Supply voltage, Veg to Voc -7.0 to +0.5V 
Input voltage, Vin Vee to +0.5V 
Output current, lout -30 to +0.1 mA 
Storage temperature, Tstg —65 to + 150°C 
Storage temperature under bias, Tstq (bias) —-55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 





Capacitance 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 
Output capacitance  Coyrz 5 pF 


Block Diagram 








Truth Table 

BS WE DI DO Function 
H X X L Not selected 
L L L L Write 0 

L L H L Write 1 

L H x Data Valid Read 
Notes: 


(1) The Block Select input for each of the four memory blocks is used 
Independently as shown in the block diagram. 


Y-Decoder/Driver 


a 7. 7 


o 
2 
ra} 
= 
oD 
me] 
8 
8 
x 


BS; Dly DO, BS2 Dio DO2 BS3 Dig DOg BS, Diy DO, 


Memory Cell Array 
(256 Words x 4 Bits) 


Block 2 





Block 3 
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DC Characteristics 
Ta = Oto +75°C; Veg = -5.2 V; output load = 502 to -2.0V 


Parameter Symbol Min Max Unit Test Conditions 
Output voltage, high Vou _ —1000 —-840 mV Vin = Vin, max or Vi_ min; Ta = 0°C 
~-960 -810 mV Vin = Ving max or Vit min; Ta = 25°C 
-900 -720 mV Vin = Vig Max or Vi_ min; Ta = 75°C 
Output voltage, low VoL ~1870 -1665 mV Vin = Vin max or Vi_ min; Ta = 0°C 
-1850 -1650 mV Vin = Vin Max or Vii min; Ta = 25°C 
-1830 -1625 mV Vin = Vi max or Vy min; Ta = 75°C 
Output threshold voltage, high ~ Vouc 1020 mV Vin = Vix min or Vip max; Ta = 0°C 
-980 mV Vin = Virq min or Vip max; Ta = 25°C 
~920 mV Vin = Vin min or Vip max; Ta = 75°C 
Output threshold voltage, low Voic -1645 mV Vin = Ving min or Vip max; Ta = 0°C - 
-1630 mV Vin = Vin min or Vy. max; Ta = 25°C 
-1605 mV Vin = Vin min or Viz max; Ta = 75°C 
Input voltage, high Vin —1145 - 840 mV For all inputs: Ta = 0°C 
-1105 ~-810 mV For all inputs: Ta = 25°C 
~1045 -720 mV For all inputs: Ty = 75°C 
Input voltage, low Vit 1870 -1490 mV For all inputs: Ta = 0°C 
-1850 -1475 mV For all inputs: Ta = 25°C 
-1830 -1450 mV For all inputs: Ta = 75°C 
Input current, high hy , 220 pA Vin = Vin max 
Input current, low hie 0.5. 170 pA BS, - BS4; Viy = Vit min 
-50 pA For all others: Viy = Vj_ min 
Supply current lee ~220 mA For all inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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AC Characteristics 
Ta = 0 to +75°C; Vee = -5.2 V + 5%; output load = 502 to -2.0V 

















uPB10422-7 pPB10422-10 
Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 
Read Operation . 
Block select access time taps 5 5 ns 
Block select recovery time taps 5 5 ns 
Address access time taa 7 10 ns 
Write Operation 
Write pulse width tw 5 6 ns 
Data setup time twsp 1 2 ns 
Data hold time twHD 1 2 ns 
Address setup time twsa 1 2 ns 
Address hold time twHa 1 2 ns 
Block select setup time twsss 1 2 ns 
Block select hold time twies 1 2 ns 
Write disable time tws 5 5 ns 
Write recovery time twr 6 9 ns 
Output Rise and Fall Times 
Output rise time tr 2 2 ns 
Output fall time tr 2 2 ns 
Notes: 


(1) The device under test is mounted in a test socket and measured (2) All timing measurements are referenced to 50% input levels. 
at a thermal equilibrium established with a transverse air flow . 
ee figures 1 and 2. 
maintained at greater than 2.0 m/s. §S) See tigu 


N: KE Cc »PB10422 


Figure 1. Loading Conditions Test Circuit 





Voc (GND) Vcoca (GND) 


Device Under 
Test 


Notes: 
[1] RL =50Q. 


[2] Cl, =30 pF. 
831H-5947B 





Figure 2. Input Pulse 


Note: 
[1] t= tp =2.5ns (typ). 
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Timing Waveforms 


Chip Select Access Cycle 


Note: 
[1] Address is valid more than 2 ns prior to the low transition of BS. 





831H-5972B 


Address Access Cycle 


Address 


Note: 
[1] BS = VIL 
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Write Cycle 


Address 
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Description 


The »PB10470 is a very high-speed 10K interface ECL 
RAM organized as 4K words by 1 bit and designed with 
an open emitter output (noninverted) for low power 
consumption. Two fast access time versions are avail- 
able: 10ns maximum and 15ns maximum. The 
u»PB10470 is available in a hermetic, 300-mil, 18-pin 
cerdip. 


Features 


4096-word x 1-bit organization 
10K ECL interface 

Open emitter output (noninverted) 
Fast access times 

O Low power consumption 

QO 300-mil, 18-pin cerdip packaging 


goood 


Ordering Information 


Access 
Part Number Time (max) Package 
p#PB10470D-10 10 ns 18-pin cerdip 
D-15 15 ns 


60026 


Pin Configuration 


18-Pin Cerdip 


Pin Identification 
Symbol 

Ag - Ait 

Din 

Dout 

Cs 

WE 

Voc 

VEE 


pPB10470 
4,096 x 1-BIT 
10K ECL RAM 


o 
6K 
t+ 
oO 
- 
faa} 
oa 
=a 





Function 

Address inputs 

Data input 

Data output 

Chip select 

Write enable 

Ground 

—5.2-volt power supply 
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uPB10470 

Absolute Maximum Ratings Truth Table 

Supply voltage, Ver to Voc -7.0tot05V CS WE Din Function Output 
Input voltage, Vin Veg to +0.5 V H X X Not selected L 
Output current, lout -30t0 +0.1mA L ® L Write 0 L 
Storage temperature, Tstg -65 to + 150°C L L H Write 1 L 
Storage temperature under bias, Ts7q (bias) -—55 to +125°C L H x Read ‘Dout 
Exposure to Absolute Maximum Ratings for extended periods may Notes: 


affect device reliability; exceeding the ratings could cause permanent 
damage. The device should: be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 
Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 


Output capacitance  Coyt 5 pF 


Block Diagram 


X-Address Word 
Decoder Driver 
Array 


64 x 64 
Memory Cell 


(1) X = don’t care. 


Sense Amplifiers and 
Write Drivers 


Aq Ags Ag A7 A 
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DC Characteristics 


Ta = Oto +75°C; Veg = ~5.2 V; output load = 50 Q to -2.0 V 


Parameter Symbol 
Output voltage, high VoH 
Output voltage, low VoL 


Output threshold voltage, high Vouc 


Output threshold voltage, low VoLc 
Input voltage, high Vin 
Input voltage, low Vit 
Input current, high NH 
Input current, low hie 
Supply current lee 
Notes: 


Ta (°C) 
0 
+25 
+75 
0 
+25 
+75 
0 
+25 
+75 
0 
+25 
+75 
0 
+25 
+75 
0 
+25 
+75 
Oto +75 
Oto +75 
Oto +75 
Oto +75 


Min 
-1000 
—-960 
—900 
~1870 
~1850 
~1830 
-1020 
-980 
-920 


-1145 
-1105 
-1045 
- 1870 
-1850 
1830 


0.5 


—220 


(1) The device under test (DUT) is mounted in a test socket and is 
measured ata thermal equilibrium established with a transverse 


air flow maintained at greater than 2.0 m/s. 


Max 
-840 
-810 


1665 
1650 
~1625 


-1645 
-1630 
-1605 
-840 
-810 
-720 
-1490 
-1475 
-1450 
220 
170 


Unit 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
pA 
pA 
pA 
mA 


uPB10470 


Test Conditions 
Vin = Vin (max) or Vit (min) 


Vin = Vin (max) or Vip (min) 


Vin = Vin (min) or Vi (max) 


Vin = Vin (min) or Vi_ (max) 


Guaranteed input voltage high for all inputs 


Guaranteed input voltage low for all inputs 


Vin = Vin (max) 
For CS: Vin = Vit (min) 
For all others: Vin = Viz (min) 


All inputs and outputs open 





pPB10470 


AC Characteristics 
Ta = Oto +75°C; VEE = -5.2V + 5% 
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Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 
Read Operation 

Address access time taa 10 15 ns 
Chip select access time tacs ns 
Chip select recovery time tacs 8 ns 
Write Operation 

Write pulse width tw 10 15 ns 
Data setup time twsp 2 2 ns 
Data hold time twHpb 2 2 ns 
Address setup time twsa 3 3 ns 
Address hold time twHA 2 2 ns 
Chip select setup time twscs 2 2 ns 
Chip select hold time twHcs 2 2 ns 
Write disable time tws 6 8 ns 
Write recovery time twr 10 10 ns 
Output Rise and Fall Times 

Rise time tr ns 
Fall time tr ns 
Notes: 


(1) The device under test (DUT) is mounted in a test socket and is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/s. 
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Figure 1. Loading Conditions Test Circuit 


Voc (GND) 


Device Under 
Test 


0.01 pF 


Notes: 
(1] RL =50Q. 
[2] Cy, =30 pF. VEE 








Figure 2. Input Pulse 


Note: 
(1] ta =tp =2nNs (typ). 





pPB10470 


831H-6036B 
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Timing Waveforms 





Chip Select Access Cycle 


831H-59728 





Address Access Cycle 


Address 





831H-6144B 


Write Cycle 


Address 
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Description 


The »PB10474 is a very high-speed 10K interface ECL 
RAM organized as 1,024 words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. Three versions with access times of 8 ns, 
10 ns and 15ns maximum are available in hermetic, 
400-mil, 24-pin cerdip packaging. 


Features 


1,024-word x 4-bit organization 
10K ECL interface 

Noninverted, open-emitter outputs 
Fast access times 

Low power consumption 

400-mil, 24-pin cerdip packaging 


ooAaoo ad 


Ordering Information 


Part Number Access Time (max) Package 
#PB10474D-8 8ns 24-pin cerdip 
D-10 10ns 
D-15 15ns 
60032 





uPB10474 
1,024 x 4-Bit 
10K ECL RAM 


Pin Configuration 
24-Pin Cerdip 


wt 
nN 
tt 
oO 
_ 
jaa] 
a 
=a 


831H-6176A 


Pin Identification 





Symbol Function 

Ag - Ag Address inputs 

Diy - Dig Data inputs | 

DO, - DO, Data outputs 

WE Write enable 

ts Chip select 

Voc Power supply (current switches and bias driver) 
VoOCA Power supply (output devices) 

Vee Power supply 

NC No connection 
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Absolute Maximum Ratings 


Supply voltage, Veg to Voc -7.0 to +0.5V 
Input voltage, Vin Veg to t0.5V 
Output current, lout ~30 to +0.1 mA 
Storage temperature, Tstg -65 to + 150°C 


Storage temperature under bias, Tstq (bias) ~55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 

f = 1MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 


Output capacitance Cout 5 pF 





Block Diagram 


X-Decoder/ 
Driver 


Input 
Data 
Control 
Circuit 





Truth Table 

cs WE Din Output Mode 

H X X L Not selected 
tc.)~CtiC<a”””:~< Ct Sit 
t.)CUCSt~<“<;«z Rl WB 
L H xX Dout Read 
Notes: 


(1) X = don’t care. 


Memory Cell Array 
64x16x4 


Output 
Data 
Control 
Circuit 


Ag A7 Ag Ag 
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DC Characteristics 


Ta = Oto +75°C; Vee = -5.2 V; output load = 50 2 to -2.0V 





Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou -1000 ~840 mV Vin = Viq max or Vy min; Ta = 0°C 
~960 -810 mV Vin = Vig max or Vii min; Ta = 25°C 
~900 -720 mV Vin = Vin max or Vi_ min; Ta = 75°C 
Output voltage, low VoL -1870 -1665 mV Vin = Vin Max or Vi_ min; Ta = 0°C 
-1850 ~1650 mV Vin = Vin max or Vi min; Ta = 25°C 
-1830 -1625 mV Vin = Ving max or Vi, min; Ta = 75°C 
Output threshold voltage, high VoHC -1020 mV Vin = Viyq min or Vy max; Ta = 0°C 
~980 mV Vin = Vin min or Vip max; Ta = 25°C 
-920 mV Vin = Vin, min or Vi, max; Ta = 75°C 
Output threshold voltage, low VoLc ~1645 mV Vin = Vin min or Vii max; Ta = 0°C 
-1630 mV Vin = Vin min or Vip max; Ta = 25°C 
-1605 “mV Vin = Ving min or Vip max; Ta = 75°C 
Input voltage, high Vin -1145 -840 mV For all inputs: Ta = 0°C 
-1105 -810 mV For all inputs: Ta = 25°C 
-1045 -720 mV For all inputs: Ty, = 75°C 
Input voltage, low Vit -1870 -1490 mV For all inputs: Ta = 0°C 
—1850 -1475 mV For all inputs: Ta = 25°C 
~1830 -1450 mV For all inputs: Ta = 75°C 
Input current, high lie 220 BA Vin = Ving max 
Input current, low hie 0.5 170 pA For CS: Viy = Vi_ min 
-50 pA For.all others: Vig = Vip min 
Supply current lee ~220 mA All inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal! equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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AC Characteristics 
Ta =O to +75°C; Veg = -5.2 V + 5%; output load = 502 to -2.0V 




















“PB 10474-8 pPB10474-10 pPB10474-15 

Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Chip select access time tacs 5 6 8 ns 

Chip select recovery time trcs 5 6 8 ns 

Address access time taa 8 10 15 ns 

Write Operation 

Write pulse width tw 6 10 15 ns 

Data setup time twsp 2 2 ns 

Data hold time twHp 1 2 2 ns 

Address setup time twsa 1 8 3 ns 

Address hold time tWHA 1 2 2 ns 

Chip select setup time twscs 1 2 2 ns 

Chip select hold time twHcs 1 2 2 ns 

Write disable time tws 5 6 8 ns 

Write recovery time twrR 8 10 10 ns 

Output Rise and Fall Times 

Output rise time ‘tr 2 2 2 ns 

Output fall time te 2 2 2 ns 

Notes: 

(1) The device under test is mounted in a test socket and measured (2) See figures 1 and 2 for loading conditions and input pulse timing. 
at a thermal equilibrium established with a transverse air flow Input pulse levels = -1.7 to —0.9V; input rise and fall times 
maintained at greater than 2.0 m/s. (measured between 20% and 80% or 80% and 20%) = 2 ns; input 


and output timing reference levels = 50%. 


N: KE C »PB10474 


Figure 1. Loading Conditions Test Circuit 





Voca (GND) 


Device Under 
Test 


Notes: 
(1} RL =502. 
[2] CL =30 pF. 
@31H-5947B 





Figure 2. Input Pulse 


Note: 
[1] tR=tF =2 ns (typ). 





831H-6177B 
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»PB10474 NE C 


Timing Waveforms 





Chip Select Access Cycle 


Note: 
[1] Address is valid more than 2 ns prior to the low transition of Cs. 





83IH-6164B 


Address Access Cycle 


Address 


Note: 
[1] CS=ViL. 





83(H-61448 


Write Cycle 


Address 





83tH-5960B 
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NEC 


NEC Electronics Inc. 


pPB10474A 
1,024 x 4-Bit 
10K ECL RAM 





Description 


The »PB10474A is a very high-speed 10K interface ECL 
RAM organized as 1,024 words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. Two versions with access times of 5 and 
6 ns maximum are available in hermetic, 400-mil, 24-pin 
cerdip packaging. 


Features 


1,024-word x 4-bit organization 
10K ECL interface 

Noninverted, open-emitter outputs 
Fast access times 

Low power consumption 

400-mil, 24-pin cerdip packaging 


Hoaaadn 


Ordering Information 

Part Number Access Time (max) Package 

pPB10474AD-5 5ns 24-pin cerdip 
D-6 6ns 


60031 


Pin Configurations 


24-Pin Cerdip 


Voc 
Voca 
VEE 
NC 


< 
+ 
Lad 
x 
=] 
oO 
a 
a 


83IH-6175A 





Function 

Address inputs 

Data inputs 

Data outputs 

Write enable (active low) 

Chip select (active low) 

Power supply (current switches and bias driver) 
Power supply (output devices) 

~5.2-volt power supply 

No connection 
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pPB10474A 


NEC 





Absolute Maximum Ratings 
Voc = Voca = OV 





Supply voltage, Veg to Voc -7.0 to +0.5V 
Input voltage, Vix Veg to +0.5V 
Output current, lout -30 to +0.1 mA 
Storage temperature, Tsrq -65 to + 150°C 
Storage temperature under bias, Tstq (bias) ~55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 

f = 1 MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 
Output capacitance Court 5 pF 


Block Diagram 


X-Decoder/ 
Driver 


Input 
Data 
Control 
Circuit 
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Sense/Switch 


Y-Decoder/Driver 


Truth Table 

cs WE Din Output Function 
H xX X L Not selected 
L L L L Write 0 

L L H L Write 1 

L H X Dout Read 
Notes: 


(1) X = don't care. 


Memory Cell Array 
64x16x4 


Output 
Data 
Control 
Circuit 


831H-5958B 


NEC 








pPB10474A 
DC Characteristics 
Ta = Oto +75°C; Veg = -5.2 V; output load = 500 to -2.0V; Voc = Voca = OV 
Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou ~1000 -840 mV Vin ™ Vin max or Vi_ min; Ta = 0°C 
~960 -810 mv Vin = Vip max or Vi_ min; Ta = 25°C 
-900 ~720 mV Vin ® Ving max or Vip min; Ta = 75°C 
Output voltage, low VoL ~1870 -1665 mV Vin ™ Vin, max or Vip min; Ta = 0°C 
-1850 -1650 mV Vin ™ Vin max or Vi_ min; Ta = 25°C 
-1830 1625 mV Vin @ Vin max or Vip min; Ta = 75°C 
Output threshold voltage, high Vonc ~1020 mv Vin = Vi min or Vi max; Ta = 0°C 
~980 mV Vin = Vin min or Vip max; Ta = 25°C 
-920 mV Vin @ Vix min or Vip max; Ta = 75°C 
Output threshold voltage, low Votc -1645 mV Vin = Vi min or Vip max; Ta = 0°C 
-1630 mV Vin = Vig min or Vi_ max; Ta = 25°C 
1605 mV Vin = Vin min or Vip max; Ta = 75°C 
Input voltage, high Vind -1145 ~840 mV For all inputs: Ta = 0°C 
~-1105 -810 mV For all inputs: Ta = 25°C 
~-1045 -720 mV For all inputs: Ta = 75°C 
Input voltage, low VIL ~1870 -1480 mV For all inputs: Ta = 0°C 
~1850 -1475 mV For all inputs: Ta = 25°C 
~1830 ~-1450 mV For all inputs: Ta = 75°C 
Input current, high hy 220 pA Vin = Vip, max 
Input current, low Ie 0.5 170 pA For CS: Vij = Vit min 
-50 pA For all others: Viy = Viz min 
Supply current lee ~250 mA All inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 





HPB10474A NE Cc 


AC Characteristics 
Ta = Oto +75°C; Veg = -5.2 V + 5%; output load = 502 to -2.0V;-Vocg = Voca = OV 






































pPB10474A-5 pPB 10474A-6 
Parameter Symbol Min ‘Typ Max Min Typ Max Unit Test Conditions 
Read Operation. 
Address access time taa 5 6 ns 
Chip select recovery time tacs 7 3 4 ns 
Chip select access time tacs 3 4 ns 
Write Operation 
Write pulse width tw 5 6 ns 
Data setup time twsp 1 1 ns 
Data hold time twHb 1 1 ns 
Address setup time twsa 1 1 ns 
Address hold time —- twHA 1 1 ns 
Chip select setup time - twsces 1 1 ns 
Chip select hold time twHcs 1 1 ns 
Write disable time”  tws 3 4 ns 
Write recovery time twa 6 7 ns _ 
Output Rise and Fall Times 
Output rise time ~ tr 2 2 ns 
Output fall time te 2 2 ns 
Notes: 
(1) The device under test is mounted in a test socket and measured (2) See figures 1 and 2 for loading conditions and input pulse timing. 
at a thermal equilibrium established with a transverse air flow Input pulse levels = -1.7 to -0.9V; input rise and fall times 


maintained at greater than 2.0 m/s. (measured between 20% and 80% or 80% and 20%) = 2 ns; input 
and output timing reference levels = 50%. 
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N: E Cc »PB10474A 


Figure 1. Loading Conditions Test Circuit 





Veca (GND) 


Device Under 
Test 


Notes: 
(1] RL =50Q. 
[2] CL =30 pF. 
831H-5947B 





Figure 2. Input Pulse 


Note: 
[1] tR=tp =2ns (yp). 





831H-6177B 
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HPB10474A NE Cc 


Timing Waveforms 





Chip Select Access Cycle 


Note: 
[1] Address is valid more than 2 ns prior to the low transition of CS. 





831H-6164B 


Address Access Cycle 


Address 


Note: 
[1] CS = VIL. 





831H-6144B 


Write Cycle 


Address 
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NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The uPB10474E is a very high-speed 10K interface ECL 
RAM organized as 1,024 words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. Two versions with access times of 3 and 
4ns maximum are available in hermetic, 400-mil, 24-pin 
cerdip packaging. 


Features 


Q 1,024-word x 4-bit organization 

QO 10K ECL interface 

Q Noninverted, open-emitter outputs 
O Fast access times 

O Low power consumption 

QO 400-mil, 24-pin cerdip packaging 


Ordering Information 

Part Number Access Time (max) Package 

UPB10474ED-3 3ns 24-pin cerdip 
D4 ”t~<“‘w SS! 


60120 





pPB10474E 
1,024 x 4-Bit 
10K ECL RAM 


Pin Configuration 


24-Pin Cerdip 


WwW 
t+ 
6 
+t 
° 
= 
a 
a. 
a 


83YL-7240A 


Pin Identification 





Symbol Function 

Ao - Ag Address inputs 

Diy - Diy Data inputs 

DO, - DO, Data outputs 

WE Write enable (active low) 

cs Chip select (active low) 

Voc Power supply (current switches and bias driver) 
Voca Power supply (output devices) 

VEE —5.2-volt power supply 

NC No connection 
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Block Diagram 





Memory Cell Array 
X-Decoder/ 
Driver 64x16 x4 


Input Sense/Switch 
Data Output 


Data 
Control Y-Decoder/Driver Control 
Circuit Circuit 


Ag A7 Ag Ag 





831H-5958B 











Absolute Maximum Ratings Truth Table 

Veo = Voca = OV cs WE Din Output Function 
Supply voltage, Veg to Voc -7.0to +0.5V H X L Not selected 
Input voltage, Vin VeEto t0.5V00 7 L L L Write 0 
Output current, lout -30 to +0.1 mA L L H L Write 1 
Storage temperature, Tota -65 to + 150°C L H X Dour Read 
Storage temperature under bias, Tgtg (bias) -55 to +125°C icice: 


Exposure to Absolute Maximum Ratings for extended periods. may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


(1) X = don’t care. 


Capacitance 

f = 1 MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 
Output capacitance Court 5 pF 
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N: E Cc pPB10474E 


DC Characteristics 
Ta = Oto +75°C; Veg = -5.2 V; output load = 50 Oto -2.0V; Voc = Veca = OV 











Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou -1000 ~-840 mV Vin = Vip max or Vip min; Ta = O°C 
-960 —810 mV Vin = Vin max or Vit min; Ta = 25°C 
~900 -720 mV Vin = Vin, max or Vit min; Ta = 75°C 
Output voltage, low VoL -1870 ~1665 mV Vin = Vin max or Vyp min; Ta = 0°C 
-1850 -1650 mV Vin = Vin max or- Viz min; Ta = 25°C 
-1830 -1625 mV Vin = Vip, max or Vip min; Ta = 75°C 
Output threshold voltage, high Vone ~1020 mV Vin = Vin min or Vip max; Ta = 0°C 
—980 mV Vin = Vin min or Vip max; Ta = 25°C 
-920 mV Vin = Vin min or Vip max; Ta = 75°C 
Output threshold voltage, low Vote -1645 mV Vin = Vin min or Vip max; Ta = 0°C 
-1630 mV Vin = Vip min or Vip max; Ta = 25°C 
-1605 mV Vin = Ving min or Vip max; Ta = 75°C 
Input voltage, high VIH —1145 -840 mV _For all inputs: Ta = 0°C 
-1105 810 mV For all inputs: Ta = 25°C 
—1045 —720 mV For all inputs: Ta = 75°C 
Input voltage, low VIL . ~1870 -1490 mV For all inputs: Ta = 0°C 
—1850 -1475 mV For all inputs: Ta = 25°C 
—1830 -1450 mV For all inputs: Ta = 75°C 
Input current, high Ts) 220 uA Vin = Vin mex 
Input current, low Iie 0.5 170 LA For CS: Viy = Vip min ; 
-50 LA For all others: Vij = Vi_ min 
Supply current lEE -330 mA All inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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HPB10474E NV. KE C 




















AC Characteristics 
Ta = Oto +75°C; Veg = -5.2V + 5%; output load = 50 Nto -2.0V; Voo = Voca = OV 
uPB10474E-3 pPB10474E-4 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time taa 3 ns 

Chip select recovery time tres 2 3 ns 

Chip select access time tacs 2 3 ns 

Write Operation 

Write pulse width tw 5 6 ns" 

Data setup time twsp 0.5 0.5 ns 

Data hold time twHD 0.5 0.5 ns 

Address setup time twsa 0.5 0.5 ns 

Address hold time twHA 05 0.5 ns 

Chip select setup time twscs 05 0.5 ns 

Chip select hold time twHcs 0.5 0.5 ns 

Write disable time tws 2 ' 3 ns 

Write recovery time twr 4 5 ns 

Output Rise and Fall Times 

Output rise time tr 2 2 ns 

Output fall time tr 2 2 - ons 

Notes: . 

(1) The device under test is mounted in a test socket and measured (2) See figures 1 and 2 for loading conditions and input pulse timing.. 
at a thermal equilibrium established with a transverse air flow Input pulse levels = ~—1.7 to -0.9V; input rise and fall times 
maintained at greater than 2.0 m/s. (measured between 20% and 80% or 80% and 20%) = 2 ns; input 


and output timing reference levels = 50%. 
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N: KE Cc HPB10474E 


Figure 1. Loading Conditions Test Circuit 


Voc (GND) Voca (GND) 


Device Under 
Test 


Notes: 
(1] RL =50Q. 


[2] CL = 10 pF. 
Q3YL-7239B 





Figure 2. Input Pulse 


Note: 
[1] tR=tr =2 ns (typ). 


831H-6177B 
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pPB10474E NE Cc 


Timing Waveforms 


Chip Select Access Cycle 


Note: 
[1] Address is valid more than 2 ns prior to the low transition of Cs. 


[2] WE = Vip. 
831H-61648, 





Address Access Cycle 


Address 


Note: 
[1] CS=Vy. 
[2} WE = VIH- 


831H-6144B 
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N: KE C pPB10474E 


Timing Waveforms (cont) 


Write Cycle 


Address 








HPB10474E N: E Cc 
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NEC — 
16,384 x 1-Bit 


NEC Electronics Inc. 10K ECL RAM 


Description Pin Configurations 


The PB10480 is a very high-speed 10K interface ECL = 9_pin Cerdip 
RAM organized as 16,384 words by 1 bit and designed 
with noninverted, open-emitter outputs and low power 
consumption. Two versions with fast access times of 
10ns and 15 ns maximum are available in hermetic, 
300-mil, 20-pin cerdip or 20-pin ceramic flatpack pack- 


aging. 


Q 
2 
t+ 
So 
_ 
ao 
Qa 
=a 


Features 


16,384-word x 1-bit organization 

10K ECL interface 

Noninverted, open-emitter outputs 

Fast access times 

Low power consumption 

300-mil, 20-pin cerdip or 20-pin ceramic flatpack 
packaging 


831H--6190A 





bBaoaodoaa so 


1 
Ordering Information 2 
3 
Power 4 2 
Access Consumption < 
Part Number Time (max) {max) Package ‘ i 
pPB10480D-10 10 ns 1.4W 20-pin cerdip a 
D-15 15 ns 1.38W 8 
SN at ee . 
LPB10480B-10 10 ns 1.4W 20-pin ceramic if ss 
TTT flatpack 8 
B-15 15 ns 1.3W 





831H-6192A 
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Pin Identification Absolute Maximum Ratings 
Symbol Function Supply voltage, Veg -7.0 to +0.5V 
Ao - Ai3 Address inputs Input voltage, Vin Veg to +0.5V 
DI Data input Output current, lout ~30 to +0.1 mA 
DO Data output Storage temperature; Tstg -~65 to + 150°C 
Cs Chip select Storage temperature under bias, Tstq (bias) -55 to +125°C 
WE Write enable Exposure to Absolute Maximum Ratings for extended periods may 
Voc Ground affect device reliability; exceeding the ratings could cause permanent 
SS SSS SS SS damage. The device should be operated within the limits specified 
VEE —5.2-volt power supply under DC and AC Characteristics. 
Capacitance Truth Table 
f = 1MHz = =< 
ooo eee eee ol cs WE Din Output Mode 
Parameter Symbol Min Typ Max Unit 
Input capacitance 
utput capacitance 
cde Sahl shltls ,  Y L H L Write 1 
L H Xx Dout Read 
Notes: 


(1) X = don’t care, 


Block Diagram 


X-Address Word Memory Cell 
Decoder Driver Array 128 x 128 


Sense Amp. and 
Write Drivers 


Y-Address Decoder 


A7 Ag Ag Ato Ani Ata Arg 





83IH-4992B 
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NEC 


p»PB10480 





DC Characteristics 


Ta = Oto +75°C; Vee = -5.2 V; output load = 50 2 to -2.0V 


Parameter 


Output voltage, high 

Output voltage, low 

Output threshold voltage, high 
Output threshold voltage, low 
Input voltage, high 

Input voltage, low 

Input current, high 

Input current, low 


Supply current 


Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 


Symbol 
VoH 


Vouc 


Voc 


Vin 


VIL 


Ny 


IEE 


maintained at greater than 2.0 m/s. 








Min Max Unit Test Conditions 
~1000 ~840 mV Vin = Vin, max or Vii min; Ta = 0°C 
-960 -810 mV Vin = Vin max or Vi_ min; Ta = 25°C 
-900 ~720 mV Vin = Vin max or Vi_ min; Ta = 75°C 
-1870 -1665 mV Vin = Ving max or Vip min; Ta = 0°C 
—1850 -1650 mV Vin = Ving max or Vi_ min; Ta = 25°C 
-1830 1625 mV Vin = Vin max or Vii min; Ta = 75°C 
-1020 mV Vin = Vin Min or Vi. max; Ty = 0°C 
-980 mV Vin = Vin min or Vii max; Ta = 25°C 
-920 mV Vin = Vin min or Vip max; Ta = 75°C 
-1645 mV Vin = Vin min or Vi max; Ta = 0°C 
-1630 mV Vin = Vin min or Vi. max; Ta = 25°C 
-1605 mV Vin = Vin min or Vip max; Ta = 75°C 
-1145 ~840 mV — For all inputs: Ta = 0°C 
-1105 ~810 mV For all inputs: Ta = 25°C 
~—1045 ~720 mV For all inputs: Ta = 75°C 
~1870 -1490 mV For all inputs: Ta = 0°C 
-1850 -1475 mV For all inputs: Ta = 25°C 
~—1830 -1450 mV For all inputs: Ta = 75°C 
220 pA Vin = Vip max 
0.5 170 pA For CS: Vij = Vit min 
~-50 pA For all others: Viy = Vit min 
—-260 mA For »PB10480-10: all inputs and outputs open 
~240 mA For #PB10480-15: all inputs and outputs open 





p»PB10480 NV. E Cc 


AC Characteristics 
Ta = Oto +75°C; Vee = -5.2 V 5% 














»PB10480-10 #PB10480-15 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time taa 10 15 ns 

Chip select recovery time tracs 5 8 ns 

Chip select access time tacs 5 8 ns 

Write Operation 

Write pulse width tw 10 15 ns 

Data setup time twsp 2 3 ns 

Data hold time twHpb 1 2 ns 

Address setup time twsa 2 3 ns 

Address hold time twHA 1 2 ns 

Chip select setup time twscs 2 3 ns 

Chip select hold time twucs 1 2 ns 

Write disable time tws 5 8 ns 

Write recovery time twr 1 17 ns 

Output Rise and Fall Times 

Output rise time tr 2 2 “ns 

Output fall time tr 2 2 ns 

Notes: : 

(1). The device under test is mounted in a test socket and measured (2) Input pulse levels = -1.7 to -0.9V; input rise and fall times 
at a thermal equilibrium established with a transverse air flow (measured between 20% and 80% or 80% to 20%) = 2.5 ns; input 
maintained at greater than 2.0 m/s. and output timing reference level = 50%. 


NEC 


Figure 1. Loading Conditions Test Circuit 


Voc (GND) 


Device Under 
Test 


Notes: 
(1] RL =50Q. 
[2] Cl, =30 pF. 


Figure 2. Input Pulse 


Note: 
[1] ta=tp =2.5ns (typ). 


pPB10480 


83IH-6036B, 








83IH-5948B 
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Timing Waveforms 





Chip Select Access Cycle 


Note: 


[1] Address is valid more than 2 ns prior to the low transition of cs. 
831H-6164B 





Address Access Cycle 


Address 


Note: 
[1] CS = Vit. 





831H-6144B 


Write Cycle 


Address 


831H-5950B 
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NEC 


NEC Electronics Inc. 


Description 


The pPB10484 is a very high-speed 10K interface ECL 
RAM organized as 4,096 words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. Two versions with access times of 10 
and 15ns maximum are available. The uPB10484 is 
packaged in ahermetic, 400-mil, 28-pin cerdip or 28-pin 
ceramic flatpack. 


Features 


4,096-word x 4-bit organization 

10K ECL interface 

Noninverted, open-emitter outputs 

Low power consumption of 1.4 W maximum 
Fast access times of 10 and 15 ns maximum 
400-mil, 28-pin cerdip or 28-pin ceramic flatpack 
packaging 


oono0ogddcuag.0o 


Ordering Information 


Access 
Part Number Time (max) Package 
uUPB10484D-10 10 ns 28-pin cerdip 
D-15 15 ns 
uUPBiI0484B-10 10 ns 28-pin ceramic flatpack 
B-15 15 ns 


60033 


Pin Configurations 


28-Pin Cerdip 


»PB10484 


yPB 10484 
4,096 x 4-Bit 
10K ECL RAM 


B31H-6169A 


831H-6170A 
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Pin Identification Absolute Maximum Ratings 
Symbol Function Adena: Sh er re a re 
Ao- At Address inputs Supply voltage, Ver -7.0 to +0.5V 
Di;-Dy ~+Datainputs Input voltage, Vin Veg to +0.5V 
DO,- DO > = Data outputs oe ears ee Output current, lout ~30 to +0.1 mA 
WE, WE. +«S'Writeenable(activelow) Sstst=~CS WE, Write enable (active low) Storage temperature, Teta -65 to + 150°C 
SS ~~~ + Ghipselect(actvelbw)sts—<“is—s™SSS Storage temperature under bias, Tsrg (bias) —55 to +125°C 
Voc Power supply (current switches and bias driver) Exposure to Absolute Maximum Ratings for extended periods may 
SSS SSS ere affect device reliability; exceeding the ratings could cause permanent 
Voca Power supply (output devices) damage. The device should be operated within the limits specified 
VEE ~5.2-volt power supply under DC and AC Characteristics. 
NG No connection 
Truth Table 
Capacitance cs WE Din Output Mode 
f = 1 MHz H Xx xX L Not selected 
Parameter Symbol Min Typ Max Unit =§&¢ L (Note 2) L L Write 0 
Input capacitance Cin 4 pF L L (Note 2) H L Write 1 
Output capacitance == Court 6 PF H (Note 2) X Dour Read 
Notes: 


(1) X = don't care. 


(2) Both WE, and WE, must be low to initiate write operation, For 
read operation, either WE, or WE2 or both must be high. 


Block Diagram 


X-Decoder/ Memory Cell Array 
Driver 128 x32 x4 


Input | Sense/Switch = 


Data Output 


Data 


Control Y-Decoder/Driver Control 


Circuit Circuit 


Az7 Ag Ag Ato Ait 





83/H-6013B 
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NEC 


DC Characteristics 


Ta = Oto +75°C; Veg = —5.2 V; output load = 50 2 to -2.0 V; Voc = Voca = OV 


Parameter Symbol 
Output voltage, high Vou 
Output voltage, low VoL 


Output threshold voltage, high Vouc 


Output threshold voltage, low Voc 


Input voltage, high Vin 
Input voltage, low Vit 
Input current, high IH 
Input current, low Iie 
Supply current lee 
Notes: 


{1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 


maintained at greater than 2.0 m/s. 


Min 
-1000 
~960 
-900 
-1870 
~1850 
~1830 
-1020 
-980 
~920 


~1145 
-1105 
—1045 
-1870 
~1850 
-1830 


0.5 
-50 
-260 
-240 


Typ 


Unit 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
pA 
pA 


mA 
mA 


»PB10484 


Test Conditions 

Vin = Vin max or Vi_ min; Ta = 0°C 
Vin = Vin Max or V_ min; Ta = 25°C 
Vin = Vin, max or Vi min; Ta = 75°C 
Vin = Vin Max or Vi_ min; Ta = 0°C 
Vin = Vin Max or Vii min; Ta = 25°C 
Vin = Vin, max or Vy min; Ta = 75°C 
Vin = Vin min or Vy max; Ta = 0°C 
Vin = Vin min or Vii max; Ta = 25°C 
Vin = Vin min or Vi_ max; Ta = 75°C 
Vin = Ving min or Vip max; Ta = 0°C 
Vin = Vin min or Vi_ max; Ta = 25°C 
Vin = Vin, min or Vi_ max; Ta = 75°C 
For all inputs: Ta = 0°C 

For all inputs: Ta = 25°C 

For all inputs: Ta = 75°C 

For all inputs: Ta = 0°C 

For all inputs: Ta = 25°C 

For all inputs: Ta = 75°C 

Vin = Vin max 

For CS: Vin = Vit min 

For all others: Vin = Vi min 

For »PB10484-10: all inputs and outputs open 
For »PB10484-15: all inputs and outputs open 
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AC Characteristics 
Ta = 0 to +75°C; Vee = -5.2 V +5%; output load = 50 2 to -2.0V; Voc = Voca = OV 




















pPB10484-10 pPB10484-15 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time taa 10 15 ns 

Chip select recovery time tacs 5 8 ns 

Chip select access time tacs 5 8 ns 

Write Operation 

Write pulse width tw 10 15 ns 

Data setup time twsp 2 3 ns 

Dataholdtime - twHb 1 2 ns 

Address setup time '  twsa 2 3 ns 

Address hold time twHaA 1 2 ns 

Chip select setup time twscs 2 3 ns 

Chip select hold time twucs 1 2 ns 

Write disable time tws 5 8 ns 

Write recovery time twa 11 17 ns 

Output Rise and Fall Times 

Output rise time tho 2 2 ns 

Output fall time te 2 . 2 ns 

Notes: 

(1) The device under test is mounted in a test socket and measured (2) Input pulse levels = -1.7 to -0.9V; input rise and fall times 
at a thermal equilibrium established with a transverse air flow (measured between 20% and 80% or 80% to 20%) = 2.5 ns; input 
maintained at greater than 2.0 m/s. and output timing reference level = 50%. 
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Figure 1. Loading Conditions Test Circuit 





Voc (GND) Vcca (GND) 


Device Under 
Test 


Notes: 
{1] RL =50Q. 
[2] CL =30 pF. 





831H-5947B 


Figure 2. Input Pulse 


Note: 
{1} ta=tp =2.5ns (typ). 


831H-5948B, 
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»PB10484 N: E Cc 


Timing Waveforms 


Chip Select Access Cycle 


Note: 


[1] Address is valid more than 2 ns prior to the low transition of Cs, 
83IH-6164B 





Address Access Cycle 


Address 


Note: 


[1] CS = VIL. 
831H-6144B 





Write Cycle 


Address 


83!H-5950B, 
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NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The »PB10484A is a very high-speed 10K interface ECL 
RAM. It is organized as 4,096 words by 4 bits and 
designed with noninverted, open-emitter outputs and 
low power consumption. Two versions with access times 
of 5 or 7ns maximum are available. The »PB10484A is 
packaged in a hermetic, 400-mil, 28-pin cerdip or 28-pin 
ceramic flatpack. 


Features 


QO 4,096-word x 4-bit organization 

10K ECL interface 

Noninverted, open-emitter outputs 

O Fast access times of 5 and 7 ns maximum 

© Low power consumption of 1.4 W maximum 

Q 400-mil, 28-pin cerdip or ceramic flatpack packaging 


og 


Ordering Information 


Access 
Part Number Time (max) Package 
#sPB10484AD-5 5ns 28-pin cerdip 
D-7 7Nns 
HPBIO484AB-5 «5s —S=«S BPN CFM latpack 
B-7 7 Ns 


60016 


Pin Configurations 
28-Pin Cerdip 


uPB10484A 


< 
vt 
ie] 
wt 
oO 
- 
jas} 
a, 
a 


»PB10484A 
4,096 x 4-BIT 
10K ECL RAM 


831H-5944A 





831H-5945A 
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»PB10484A N: KE C 























Pin Identification Absolute Maximum Ratings 

Symbol ~S Function s=—s—i(‘(‘(i”~*~<CS*é‘é™SOCS;*:C# CA OV 

Ao-Ai; +©dAddressinpus)=SSssts=—“‘iC™SC*~*~*~*~*~*~* Supply voltage, Vee ~7.0 to +0.5V 

D-D ODataimputs Input voltage, Viry Veg to +0.5V 

DO;-DO, ~—SdDataoutputs—  tti(‘Cié;7; SCt*” Output current, lout -30 to +0.1 mA 

WE, WE, | +‘Writeenable(activelow)st—“‘i‘s~*~™S Storage temperature, Tstg -65 to + 150°C 

GS ©Chipselect(activebw—i(“‘CS;S*~™S Storage temperature under bias, Tstg (bias) ~55 to +125 °C 

Voc Power supply (current switches and bias driver) Exposure to Absolute Maximum Ratings for extended periods may 

SSS eee affect device reliability; exceeding the ratings could cause permanent 

Voca Power supply (output devices) damage. The device should be operated within the limits specified 

Veg ~5.2-volt power supply under DC and AC Characteristics. 

NC No connection Truth Table 

Capacitance cs WE DI Output Function 

f = 1 MHz H x x L Not selected 

Parameter Symbol Min Typ Max Unit L L (Note 2) L L Write 0 

Input capacitance Cin 4 pF L L (Note 2) H L Write 1 

Output capacitance = Coyt 6 pF L H (Note 2) X Dout - Read 
Notes: 


(1) X = don't care. 


(2) Both WE, and WE, must be low to initiate write operation. For 
read operation, either WE, or WEo or both must be high. 


Block Diagram 


X-Decoder/ Memory Cell Array 
Driver 128x32x4 


Input 
Data Output 


Data 
Control 
Circuit Control 


Circuit 


A7 Ag Ag Ato Ait 


831H-6013B 
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NEC 


DC Characteristics 


Ta = Oto +75 °C; VEE = ~5.2 Vv; output load = 50 2 to -2.0 V; Voc = Voca =OV 





»PB10484A 


Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high VoH ~1000 -840 mV Vin = Vin max or Vie min; Ta = 0°C 
-960 -810 mV Vin = Vin max or Vip min; Ta = 25°C 
-900 -720 mV Vin = Vin max or Vi_ min; Ta = 75°C 
Output voltage, low VoL -1870 ~1665 mV Vin = Vip max or Vip min; Ta = 0°C 
~1850 -1650 mV Vin = Vin, max or Vii min; Ta = 25°C 
-1830 -1625 mV Vin = Vin max or Vi min; Ty = 75°C 
Output threshold voltage, high Vouc -1020 mV Vin = Viz, min or Vip max; Ta = 0°C 
-980 mV Vin = Vin min or Vi max; Ta = 25°C 
~920 mV Vin = Vi min or Vip max; Ta = 75°C 
Output threshold voltage, low Voc -1645 mV Vin = Vin min or Vip max; Ta = 0°C 
-1630 mV Vin = Vin min or Vip max; Ta = 25 °C 
-1605 mV Vin = Vin min or Vip max; Ta = 75°C 
Input voltage, high Vin ~-1145 -840 mV For all inputs: Ta = 0°C 
| 1105 ~810 mV For all inputs: Ta = 25°C 
~1045 ~720 mV For all inputs: Ta = 75°C 
Input voitage, low Vit -1870 -1490 mV For all inputs: Ta = 0°C 
-1850 -1475 mV For all inputs: Ta = 25°C 
~1830 ~-1450 mV For all inputs: Ta = 75°C 
Input current, high lin 220 BA Vin = Vin max 
Input current, low lie 0.5 170 pA ' For CS: Vin = Vit min 
-50 pA For all others: Viy = Vi_ min 
Supply current lee ~260 mA For uPB10484A-5: all inputs and outputs open 
-240 mA For uPB10484A-7: all inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 


maintained at greater than 2.0 m/s. 
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»PB10484A N. E Cc 


AC Characteristics 
Ta = 0 to +75 °C; Veg = ~5.2 V + 5%; output load = 50 2 to -2.0 V; Voc = Voca = OV 




















pPB10484A-5 pPB10484A-7 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time taa 5 7 ns 

Chip select recovery time tacs 3.5 4 ns 

Chip select access time tacs 3.5 4 ns 

Write Operation 

Write pulse width tw 6 8 ns 

Data setup time twsp 1 1 ns 

Data hold time - twHp 2 2 ns 

Address setup time twsa 1 1 ns 

Address hold time tWHA 2 2 ns 

Chip select setup time twscs 1 1 ns 

Chip select hold time twucs 2 2 ns 

Write disable time tws 3.5 5 ns 

Write recovery time twr 7 9 ns 

Output Rise and Fall Times 

Output rise time ta 2 2 ns 

Output fall time te 2 2 ns 

Notes: 

(1) The device under test is mounted in a test socket and measured (2) Input pulse levels = -1.7 to -0.9V; input rise and fall times 
at a thermal equilibrium established with a transverse air flow (measured between 20% and 80% or 80% and 20%) = 2,.5ns; 
maintained at greater than 2.0 m/s. input and output timing reference level = 50%. 
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NEC APBIO484A 


Figure 1. Loading Conditions Test Circuit 





Voc (GND) Veca (GND) 


Device Under 
Test 


Notes: 
{1] Rp =50Q. 


[2] CL, =30 pF. 
831H-5947B 





Figure 2. Input Pulse 


Note: 
{1} tR=tp =2.5 ns (typ). 


831H-5948B 
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»PB10484A N: KE Cc 


Timing Waveforms 





Chip Select Access Cycle 


Note: 
[1] Address is valid more than 2 ns prior to the low transition of CS. 





831H-6164B, 


Address Access Cycle 


Address 


Note: 
[1] CS=VIL. 





831H-6144B 


Write Cycle 


Address 





83!H-5950B 
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NEC pPB10A484 

4,096 x 4-Bit 
NEC Electronics Inc. 10K ECL RAM 
PRELIMINARY INFORMATION 


Description Pin Configurations 


The »PB10A 484 is a very high-speed 10K interface ECL = 2g_pin Cerdip 
RAM organized as 4,096 words by 4 bits with nonin- 
verted, open-emitter outputs. Two versions with access 
times of 5ns and 7ns maximum are available. The 
p»PB10A484 is packaged in a hermetic, 400-mil, 28-pin 
cerdip or 28-pin ceramic flatpack. 


Features 


4,096-word x 4-bit organization 

10K ECL interface 

Noninverted, open-emitter outputs 

Fast access times of 5 and 7 ns maximum 

400-mil, 28-pin cerdip or ceramic flatpack packaging 
Center power pins 


uPB10A484 


boadaaao 


Ordering Information 83IH-6165A 


Access 
Part Number Time (max) Package 


pPB10A484D-5 5ns 28-pin cerdip 
D-7 7ns 

»PBI0A484BH-5 5ns 28-pin ceramic flatpack 
BH-7 7ns 


=e 
ic) 
t 
< 
=] 
Q 
a. 
= 





63IH-6166A 
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pPB10A484 


NEC 





Pin Identification 














Symbol — Function 

Ao- Ary Address inputs 

Dl, - Dlg Data inputs 

DO, -DO,4 Data outputs 

WE Write enable (active low) 

cs Chip select (active low) 

Vec Power supply (current switches and bias driver) 
VoCA Power supply (output devices) 

VEE -5.2-volt power supply 

NC No connection 

Capacitance 

f = 1MHz 
Parameter Symbol Min Typ Max Unit 
Input capacitance Cry 4 pF 
Output capacitance Court 6 pF 





Block Diagram 


X-Decoder/ 
Driver 


Input 
Data 
Control 
Circuit 


Sense/Switch 


Y-Decoder/Driver 


Absolute Maximum Ratings ~ 


Voc ™ Voca = OV 





Supply voltage, Vee ~7.0 to +0.5V 
Input voltage, Viy Veg to +0.5V 
Output current, lout ~30 to +0.1 MA 
Storage temperature, Tstq -65 to + 150°C 
Storage temperature under bias, Tsrq (bias) ~55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 





Truth Table 

Function cs WE Dn Output 
Not selected H x x L 
Write 0 L L L L 
Write 1 L L H L 
Read L H xX Dout 
Notes: 


(1) X = don't care. 


Memory Cell Array 
128 x 32x 4 


aa 
Output 
Data 
Control 
Circuit 


A7 Ag Ag Aro Att 
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NE Cc uPB10A484 











DC Characteristics 
Ta = Oto +75°C; Veg = -5.2 V; output load = 502 to -2.0V; Voc = Voca = OV 
Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high VoH -1000 —840 mV Vin = Vi-q Max or Vit min; Ta = 0°C 
-960 -810 mV Vin ™ Vin Max or Vi_ min; Ta = 25°C 
~900 -720 mV Vin = Vi max or Vit min; Ta ® 75°C 
Output voltage, low VoL -1870 -1665 mV Vin ™ Vi-q max or Vi_ min; Ta = 0°C 
-1850 ~1650 mV Vin @ Vin, max or Vi_ min; Ta = 25°C 
-1830 ~1625 mV Vin ™ Ving Max or Vip min; Ta = 75°C 
Output threshold voltage, high VoHC ~1020 mV Vin ™ Vi min or Vy max; Ta = 0°C 
-980 mV Vin = Vig min or Vip max; Ta = 25°C 
-920 mV Vin = Vig min or Viz max; Ta = 75°C 
Output threshold voltage, low VoLc ~1645 mV Vin @ Vin min or Vip max; Ta = 0°C 
-1630 mV Vin ™ Vin min or Vi. max; Ta = 25°C 
-1605 mV Vin @ Ving min or Vi_ max; Ta = 75°C 
Input voltage, high Vin -1145 -840 mV For all inputs: Ta = 0°C 
-1105 -810 mV For all inputs: Ta = 25°C 
-1045 ~720 mV For all inputs: T, = 75°C 
Input voltage, low Vit ~1870 -~1490 mV For all inputs: Ta = 0°C 
-1850 -1475 mV For all inputs: Ta = 25°C 
-1830 ~1450 mV For ail inputs: Ta = 75°C 
Input current, high lit 220 BA Vin = Vin max 
input current, low lie (0.5 170 pA For CS: Viy = Viz min 
~50 BA For all others: Vij = Vit min 
Supply current lee $20 mA Ail inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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ees N: EK Cc 


AC Characteristics 
Ta = 0 to +75°C; Veg = -5.2 V + 5%; output load = 50 2 to -2.0V; Voc ™ Voca @ OV 















































pPB10A484-5 pPB10A484-7 — 
Parameter Symbol - Min Typ Max Min Typ Max Unit Test Conditions 
Read Operation 
Address access time taa 5 7 ns 
Chip select recovery time —_ trcs 3.5 4 ns 
Chip select access time tacs 3.5 4 ns 
Write Operation 
Write pulse width tw 6 8 ns 
Data setup time twsp 1 1 ns 
Data hold time twHp 2 2 ns 
Address setup time twsa 1 1 ns 
Address hold time tWHA 2 2 ns 
Chip select setup time twscs 1 1 ns 
Chip select hold time twHcs 2 2 ons 
Write disable time tws 3.5 5 ns 
Write recovery time twa 7 9 ns 
Output Rise and Fall Times 
Output rise time ta 2 2 ns 
Output fall time tr 2 2 ns 
Notes: | 
(1) The device under test is mounted in a test socket and measured (2) Input pulse levels = -1.7 to ~0.9V; input rise and fall times 
at a thermal equilibrium established with a transverse air flow (measured between 20% and 80% or 80% and 20%) = 2.5ns; 


maintained at greater than 2.0 m/s. input and output timing reference level = 50%. 


NE C pPB10A484 


Figure 1. Loading Conditions Test Circuit 





Voc (GND) Voca (GND) 


Device Under 
Test 


Notes: 
[1] Ry =50Q. 
[2} CL =30 pF. 





Figure 2. Input Pulse 


Note: 
[1] ta= te =2.5ns (typ). 





83IH-5948B 
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Timing Waveforms 





Chip Select Access Cycle 


Note: 
(1] Address is valid more than 2 ns prior to the low transition of cs. 





83/H-6164B 


Address Access Cycle 


Address 


Note: 


[1] CS=ViL 
83iH-61 448 





Write Cycle 


Address 


831/H-5950B 
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NEC rrr 

262,144 x 1-Bit 
NEC Electronics Inc. 10K BiCMOS ECL RAM 
PRELIMINARY INFORMATION 


Description Pin Configuration 


The pPD10500 is a very high-speed BICMOS RAM witha —_24-Pin Cerdip 
10K ECL interface. Its unique design uses blended 
CMOS and bipolar peripheral circuits and N-channel 
MOS memory cells. The device is organized as 262,144 
words by 1 bit and is designed with an open-emitter 
output (noninverted) and low power consumption. Two 
versions with fast access times of 15 and 20 ns maxi- 





mum are available in hermetic, 300-mil, 24-pin cerdip 8 
packaging. 5 

oa 

a 
Features 
O BiCMOS technology 
QO 262,144-word x 1-bit organization 
O 10K ECL interface 831H-5970A 
O Open-emitter output (noninverted) 
2 es access times Pin Identification 
QO Low power consumption ; 

; : : F t 
2 300-mil, 24-pin cerdip packaging Syke are 
Ag ~ Aiz Address inputs 
i i DI Data input 
Ordering Information p 
Power DO Data output 
Access Consumption == ; 
Part Number Time (max) (max) Package = Chip pelect 
HPD10500D-15 15 ns 832 mW 24-pincerdip E Wate:snene 
ns Veo: Veca Ground 
VEE —5.2-volt power supply 
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silat | N: E Cc 











Absolute Maximum Ratings Truth Table . 

Supply voltage, Vee -70t0+05V CS WE DI Function Output 
Input voltage, Vixy Veg to +0.5V 4H X Xx Not selected L 
Output current, lout '  =80 to +0.1 mA L L L Write 0 L 
Storage temperature, Tstg -65 to + 150°C L L H Write 1 L 
Storage temperature under bias, Tstq (bias) —55 to +125°C L H X Read Dout 


Exposure to Absolute Maximum Ratings for extended periods may Notes: 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


(1) X = don't care. 











Capacitance 

f = 1MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 

Output capacitance Cout 6 pF 

Block Diagram 


X-Address Word 512 x 512 
Decoder Driver Memory Cell Array 


Sense Amplifier and 
Write Drivers 


Y-Address Decoder 


Ag Aio Ai Ai2 Aig A14 A15 Ate A17 





83}H-59718 
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NEC 


pPD10500 





DC Characteristics 


Ta = Oto +75°C; Veg = -5.2 V £5%; output load = 50 2 to -2.0V; Voc = Voca = OV 


Parameter 
Output voltage, high 


Output voltage, low 


Output threshold voltage, high 


Output threshold voltage, low 


Input voltage, high 


Input voltage, low 


Input current, high 


Input current, low 


Supply current 


Notes: 


Symbol 
Vou 


Vo. 


Vouc 


~ Voie 


Vin 


Mit 


lee 


Min 
-1000 
-960 
-900 
-1870 
-1850 


-1145 
-1105 
-1045 
—1870 
—1850 
-1830 


0.5 
~50 
-160 


Typ 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


Max 

-840 

-810 

-720 
~1665 
-1650 
-1625 


-1645 
-1630 
~1605 


-810 
-720 
-1490 
-1475 
-1450 


170 


Unit 


mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
pA 
pA 
BA 
mA 


Test Conditions 

Vin = Ving max or Vi min; Ta = 0°C 
Vin = Vipy max or Vi_ min; Ta = 25°C 
Vin = Vin max or Vi min; Ta = 75°C 
Vin = Vin Max or Viz min; Ta = 0°C 
Vin = Vin max or Vi_ min; Ta = 25°C 
Vin = Ving max or Vy min; Ta = 75°C 
Vin ™ Vin min or Vi. max; Ta = 0°C 
Vin = Vir min or Vip max; Ta = 25°C 
Vin = Vin min or Vii max; Ta = 75°C 
Vin = Vin min or Vii max; Ta = 0°C 
Vin = Vin, min or Vip max; Ta = 25°C 
Vin = Ving min or Vip max; Ta * 75°C 
For all inputs: Ta = 0°C 

For all inputs: Ta = 25°C 

For all inputs: Ta = 75°C © 

For all inputs: Ta = 0°C 

For all inputs: Ta = 25°C 

For all inputs: Ta = 75°C 

Vin = Vin max 

For CS: Viy = Vit min 

For all others: Vin = Vj_ min 

All inputs and outputs open 





»PD10500 N: EK C 


AC Characteristics 
Ta = Oto +75 °C; Veg = -5.2V + 5% 




















»PD10500-15 »PD10500-20 

Parameter _ Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time taa 15 20 ns 

Chip select access time tacs 10 15 ns 

Chip select recovery time tacs 10 15 ns 

Write Operation 

Write pulse width tw 10 15 ns 

Data setup time twsp 2 2 ns 

Data hold time twHp 3 3 ns 

Address setup time twsa 2 2 ns 

Address hold time twHa 3 3 ns 

Chip select setup time twscs 2 2 ns 

Chip select hold time twHcs 3 3 ns 

Write disable time tws 10 15 ns 

Write recovery time twr 18 23 ns 

Output Rise and Fall Times 

Rise time ta 2. 2 ns 

Fall time te 2 2 ns 

Notes: 

(1) The device under test (DUT) is mounted in a test socket and is (2) Input pulse levels = -—1.7 to -0.9V; input rise and fall times 
measured ata thermal equilibrium established with a transverse (measured between 20% and 80% or 80% and 20%) = 2.5ns; 
air flow maintained at greater than 2.0 m/s. input and output timing reference levels = 50%. 
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NEC 


Figure 1. Loading Conditions Test Circuit 


Voc (GND) Voca (GND) 


Device Under 
Test 


Notes: 
[2] C_ =30 pF. 


Figure 2. Input Pulse 


Note: 
[1] tn=tp =2.5ns (typ). 


p»pPD10500 








831H-5948B 
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p»PD10500 N: E C 


Timing Waveforms 





Chip Select Access Cycle 


Note: 


{1} Address is valid more than 2 ns prior to the low transition of cs. 
83!H-6164B 





Address Access Cycle 


Address 


Note: 
[1] CS = ViL. 





831H-6144B 


Write Cycle 


Address 





831H-5973B 
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NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The uPD10504 is a very high-speed BICMOS RAM witha 
10K ECL interface. Its unique design uses blended 
CMOS and bipolar peripheral circuits and N-channel 
MOS memory cells. The device is organized as 65,536 
words by 4 bit and designed with an open emitter 
output (noninverted) and low power consumption. The 
UPD10504 is available in hermetic, 400-mil, 32-pin cerdip 
packaging. 


Features 


BiCMOS technology 

65,536-word x 4-bit organization 
10K ECL interface 

Open emitter output (noninverted) 
Fast access times 

Low power consumption 

400-mil, 32-pin cerdip packaging 


onoo0adaaag aod 


Ordering information 


Power 
Access Consumption 
Part Number Time (max) (max) Package 
uUPD10504D-15 15 ns 936 mW 32-pin cerdip 


60112 





pyPD10504 
65,536 x 4-Bit 
10K BiCMOS ECL RAM 


Pin Configuration 


32-Pin Cerdip 


s 
=4 
te] 
o 
- 
a 
a 
= 


83YL-7190A, 


Pin Identification 


Symboij Function 

Ao- Ais Address inputs 

Diy : Dig Data inputs 

DO, - DO, Data outputs 

cs Chip select 

WE Write enable 

Veo: Veca Ground 

VEE —§.2-volt power supply 
NC No connection 
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NEC 





Absolute Maximum Ratings 


Supply voltage, Veg -7.0 to +0.5V 
Input voltage, Viv Veg to +0.5V 
Output current, loyt ~30 to +0.1 mA 
Storage temperature, Tstg -65 to + 150°C 
Storage temperature under bias, Tstg (bias) -55 to +125°C 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 

f = 1MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin _ 4 pF 


Output capacitance Cout 6 pF 


Block Diagram 


X-Address 
Decoder 


Sense a epnce Sense a ier 
Write Gheut Write Porc 


Memory Cell Array 
256 x 1024 


Write a rcuit 





Truth Table 

cs WE DI Function Output 
H xX Not selected L 
C.F ee 
L L H Write 1 L 

L H X Read Dout 
Notes: 


(1) X = don’t care. 


R/W 
Control 
Circuit 


Sense fal ll Sense Amplifier 


and 
Write Circuit 


Ag Ag Aio Ait Ai2 Aig A14 A15 
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N: E Cc uPD10504 


DC Characteristics 
Ta = Oto +75°C; Veg = ~5.2 V +5%; output load = 50 2 to -2.0V; Voc = Voca = OV 

















Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou -1000 -840 mV Vin = Vin, max or Vi_ min; Ta = 0°C 
~-950 -810 mV Vin = Vig max or Vi_ min; Ta = 25°C 
~900 ~720 mV Vin = Vin, max or Vic min; Ta = 75°C 
Output voltage, low VoL —1870 -1665 mV Vin = Vin max or Vip min; Ta = 0°C 
—1850 -1650 mV Vin = Vins max or Vit min; Ta = 25°C 
1830 ~1625 mV Vin = Vin max or Vit min; Ta = 75°C 
Output threshold voltage, high VoHc —1020 mV Vin = Vin min or Vii max; Ta = 0°C 
-980 mV Vin = Vin min or Vip max; Ta = 25°C 
~920 mV Vin = Vin, min or Viz max; Ta = 75°C 
Output threshold voltage, low VoLc -1645 mV Vin = Vin, min or Vi_ max; Ta = 0°C 
-1630 mV Vin = Vin min or Vip max; Ta = 25°C 
-1605 mV Vin = Vin min or Vip max; Ta = 75°C 
Input voltage, high Vin —1145 ~840 mV For all inputs: Ta = 0°C 
—1105 -810 mV For all inputs: Ta = 25°C 
—1045 -720 mV For all inputs: Ta = 75°C 
Input voltage, low Vit -1870 -1480 mV For all inputs: Ta = 0°C 
~1850 ~1475 mV For all inputs: Ta = 25°C 
-1830 -1450 mV For all inputs: Ta = 75°C 
Input current, high hiv 220 pA Vin = Vin max 
input current, low Ne 0.5 170 uA For CS: Vin = Vit min 
-50 . pA For all others: Viy = Vi_ min 
Supply current lee -180 mA All inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 





pPD10504 N: E Cc 


AC Characteristics 
Ta = Oto +75°C; Veg = -5.2V + 5% 








pPD10504-15 
Parameter Symbol Min Typ Max Unit Test Conditions 





Read Operation : 

Address access time taa 15 ns 
Chip select access time tacs 10 ns 
Chip select recovery time tacs 10 ns 





Write Operation 





Write pulse width tw 10 ons 
Data setup time _ twsp 2 ns 
Dataholdtime st” twup 3 ns 
Address setup time twsa 2 ns 
Address hold time twHa 3 ns 
Chip select setup time twscs 2 ns 
Chip select hold time twHcs 3 ns 
Write disable time tws 10 ns 
Write recovery time twr x 18 ns 





Output Rise and Fall Times 





Rise time tr 2 ns 

Fall time te 2 ns 

Notes: 

(1) The device under test is mounted in a test socket and is measured (2) Input pulse levels = -—1.7 to -0.9V; input rise and fall times 
at a thermal equilibrium established with a transverse air flow (measured between 20% and 80% or 80% and 20%) = 2.0 ns; 
maintained at greater than 2.0 m/s. input and output timing reference levels = 50%. 


8-66 


NEC 


Figure 1. Loading Conditions Test Circuit 


Voc (GND) 


Device Under 
Test 


Notes: 
{i} RL =50Q. 
[2] CL =30 pF. 


Figure 2. Input Pulse 


Note: 
[1] ta= tp = 2.0 ns (typ). 


pPD10504 


831H-6036B 





83YL-7192B 
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Timing Waveforms 


Chip Select Access Cycle 





831H-5972B 


Address Access Cycle 


Address 


Note: 
[1] CS = Vy. 
[2} WE = Viy. 
831H-6144B 





Write Cycle 


Address 


831H-5973B 
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NEC irr 
256 x 4-Bit 


NEC Electronics Inc. 100K ECL RAM 





Description Pin Configurations 


The »PB100422 is a very high-speed 100K interface ECL 24 pin Ceramic DIP 
RAM organized as 256 words by 4 bits and designed with 
noninverted, open-emitter outputs and low power con- 
sumption. Two versions with fast access times of 7 or 
10 ns maximum are available in 24-pin ceramic DIP or 
ceramic flatpack packaging. 


Features 


N 
N 
sv 
i=] 
oO 
= 
a 
a 
a 


256-word x 4-bit organization 

100K ECL interface 

Noninverted, open-emitter outputs 

Fast access times 

Low power consumption 

400-mil, 24-pin ceramic DIP or 24-pin ceramic 
flatpack packaging 


booaoono Dd 


Ordering Information 


Access Supply 
PartNumber Time (max) Current(min) Package 
p-PB100422D-7 7ns -220 mA 24-pin ceramic DIP 
D-10 10 ns 
#sPB100422B-7 7ns —220 mA 24-pin ceramic 
Bio. ions flatpack 
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Pin Identification Absolute Maximum Ratings 
Symbol Function’ Supply voltage, Veg to Voc -7.0 to +0.5V 
Ag - A7 Addresses Input voltage, Vix Veg to +0.5 V 
BS, - BS, Block select inputs Output current, Igy -30 to +0.1 mA 
Diy - Dig Data Inputs Storage temperature, Tstq ~65 to +150°C 
DO, -DO4 Data outputs Storage temperature, under bias, TsTq (vias) —55 to + 125°C 
WE Write enable Exposure to Absolute Maximum Ratings for extended periods may 
Voc Power supply (current switches and bias driver) affect device reliability; exceeding the ratings could cause permanent 
SS damage. The device should be operated within the limits specified 
Voca Power supply (output devices) under DC and AC Characteristics. 
VEE Power supply 

Truth Table 
Capacitance BS WE DI po Function 
Parameter Symbol Min Typ Max Unit H x x L Not Selected 
Input capacitance Cn 4 pF L L L L Write “oO” 
Output capacitance Cour 5 pF L L H L Write 1" 

L H X Data Valid Read 

Notes: 


(1) The Block Select input for each of the four memory blocks is used 
independently as shown in the block diagram. 


Block Diagram 


Y-Decoder/Driver 


2 2 2 


Memory Cell Array 
(256 Words x 4 Bits) 


o 
> 
= 
Q 
= 
o 
3 
8 
a 
9 
x< 


BS; Diy DO, BSo Dip DOo BS3 Dig DOg BS4 Dig DO4 
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KE Cc »PB100422 


DC Characteristics 
Ta = Oto +85 °C; Vee = —4.5V; output load = 500 to -2.0V 


Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high Vor ~1025 ~880 mV Vin = Vin, Max or Vip min 

Output voltage, low VoL ~1810 -1620 mV Vin = Vin max or Viv min 

Output threshold voltage, high VoHC —1035 mV Vin = Vin min or Vip max 

Output threshold voltage, low VoLc -1610 mV Vin = Vig min or Vip max 

Input voltage, high Vin —1165 —880 mV For all inputs 

Input voltage, low Vit ~1810 -1475 mV For ail inputs 

Input current, high liq 220 pA Vin = Vip max 

Input current, low he 0.5 170 pA For BS4-BS,: Vin = Vi_ min 
-50 pA For all others: Viy = Vii min 

Supply current lee —220 mA Allinputs and outputs open 

Notes: 


(1) Device under test is mounted in a test socket and measured ata 
thermal equilibrium established with a transverse air flow main- 
tained at greater than 2.0 m/s. 


AC Characteristics 
Ta = Oto +85°C; Veg = -4.5V + 5% 














pPB100422-7 pPB100422-10 
Parameter Symbol “Min Typ Max” “Min Typ. Max” Unit Test Conditions 
Read Operation 
Block select access time tass 5 5 ns 
Block select recovery time tags 5 5 ns 
Address access time taa 7 10 ns 
Write Operation 
Write pulse width tw 5 6 ns 
Data setup time twsp 1 2 ns 
Data hold time twHb 1 2 ns 
Address setup time twsa 1 2 ns 
Address hold time twHA 1 2 ns 
Block select setup time twsss 1 2 ns 
Block select hold time twHBs 1 2 ns 
Write disable time tws 5 5 ns 
Write recovery time twr 6 9 ns 
Output Rise and Fall Times 
Output rise time tra 2 2 ns 
Output fail time te 2 2 ns 
Notes: 


(1) Device under test is mounted in a test socket and measured at a (8) The output load is shown in figure 1. 
thermal equilibrium established with a transverse air flow main- 
tained at greater than 2.0 m/s. 


(2) Alt timing measurements are referenced to 50% input levels. 


(4) Input transition times are shown in figure 2. 
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pPB100422 NV. E Cc 


Figure 1. Loading Conditions Test Circuit 





Voc (GND) Veca (GND) 


Device Under 
Test 


Notes: 
[1] RE =502. 
[2] Cy =30 pF. 





831H-5947B 


Figure 2. Input Pulse 


Note: 
(1] taste =2.5 ns (typ). 





831H-5948B 
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NV. E C »PB100422 


Timing Waveforms 





Chip Select Access 


Note: 


[1] Address is valid more than 2 ns prior to the low transition of BS. 
831H-5972B 





Address Access Cycle 


Address 


Note: 


[1] BS = Vy. 831H-6203B 





Write Cycle 





Address 


83IH-5S955B 
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NEC os 
4,096 x 1-BIT 


NEC Electronics Inc. 100K ECL RAM 


Description Pin Configuration 


The PB 100470 is a very high-speed 100K interface ECL 4g. Pin Cerdip 
RAM with full voltage and temperature compensation. 
The device is organized as 4K words by 1 bit, and is 
designed with an open emitter output (noninverted) for 
low power consumption. Two fast access time versions 
are available: 10 ns maximum and 15 ns maximum. The 
»PB100470 is available in a hermetic, 300-mil, 18-pin 
cerdip. 


° 
im 
st 
Qo 
Oo 
= 
a 
a 
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Features 


Q 4,096-word x 1-bit organization 
Q 100K ECL interface with full voltage and temperature 
compensation 





83iH--6061A 


© Open emitter output (noninverted) ‘ is es 
5. Pashancoss times Pin Identification 
O Low power consumption Symbol Function 
QO 300-mil, 18-pin cerdip packaging Ag -A44 Address inputs 
: F Din Data input 
Ordering Information as Bai guia 
Access 
Part Number Time (max) Package cs Chip select 
pPB100470D-10 10 ns 18-pin cerdip WE Write enable 
D-15 15 ns Voc Ground 
VEE -4.5-volt power supply 
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»PB100470 N: BE C 





Absolute Maximum Ratings Truth Table 

Supply voltage, Veg to Voc =70to+t05V CS WE Din Function Output 
Input voltage, Vin Veg to 0.5 V H X X Not selected L 
Output current, loyt -30 to +0.1 mA L L L Write 0 L 
Storage temperature, Tstg -65 to + 150°C L L H Write 1 L 
Storage temperature under bias, Tstq (bias) -55 to + 125°C L H X Read Dout 


Exposure to Absolute Maximum Ratings for extended periods may Notes: 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


(1) X = don’t care. 


Capacitance 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 
Output capacitance Cour 5 pF 


Block Diagram 





Ao 
Ay 


A2 X-Address Word 64 x 64 
A3 Decoder Driver Memory Cell 
hin Array 


Aq 


Sense Amplifiers and 
Write Drivers 


831H-4916B 
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N. E C »PB100470 


DC Characteristics 
Ta =O to +85°C; Ver = -4.5 V; output load = 502 to-2.0 V 


Parameter Symbol Min Max Unit Test Conditions 
Output voltage, high Vou -1025 —-880 mV Vin = Vin (max) or Vii (min) 
Output voltage, low VoL -1810 —1620 mV 
Output threshold voltage, high VoHC -1035 mV Vin = Ving (min) or VL (max) 
Output threshold voltage, low VoLc -1610 mV 
Input voltage, high Vin ~1165 —-880 mV Guaranteed input voltage high for all inputs 
Input voltage, low ViL -1810 —1475 mV Guaranteed input voltage low for all inputs 
Input current, high li 220 pA Vin = Vin (max) 
Input current, low hie 0.5 170 BA For CS: Vin = Vi. (min) 
-50 uA For all others: Vin = Viz. (min) 
Supply current lee ~220 mA All inputs and outputs open 
Notes: 


(1) The device under test (DUT) is mounted in a test socket and is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/s. 


AC Characteristics 
Ta = Oto +85°C; Veg = -4.5 V + 5% 








pPB100470-10 p»PB100470-15 
Parameter Symbol! Min Typ Max Min Typ Max Unit Test Conditions 
Read Operation 
Address access time tana 10 15 ns 
Chip select access time tacs 6 8 ns 
Chip select recovery time tracs 6 8 ns 
Write Operation 
Write pulse width tw 10 15 ns 
Data setup time twsp 2 2 ns 
Data hold time twuHp 2 2 ns 
Address setup time twsa 3 3 ns 
Address hold time twHa 2 2 ns 
Chip select setup time twscs 2 2 ns 
Chip select hold time twHcs 2 2 ns 
Write disable time tws 6 8 ns 
Write recovery time twr 10 10 ns 
Output Rise and Fall Times 
Rise time ta 2 2 ns 
Fail time te 2 2 ns 
Notes: 


(1) The device under test (DUT) is mounted in a test socket and is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/s. 
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#PB100470 


Figure 1. Loading Conditions Test Circuit 


Voc (GND) 


Device Under 
Test 


Notes: 
[1] Ry =502Q. 
{2] CL =30pF. ~ 


Figure 2. Input Pulse 


Note: 
[1] tr= tf =2ns (typ). 
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83IH-60368 








83IH-5948B 


NV. KE Cc p»pPB100470 


Timing Waveforms 


Chip Select Access Cycle 


83IH-5972B 





Address Access Cycle 


Address 


83IH-6144B 





Write Cycle 


Address 


831H-5973B 
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NEC 


NEC Electronics Inc. 


Description 


NEC’s pPB100474 is a very high-speed 100K interface 
ECL RAM organized as 1,024 words by 4 bits and 
designed with open-emitter, noninverted outputs. It is 
available in a 24-pin cerdip, 24-pin ceramic LCC, or 
24-pin ceramic flatpack package. 


Features 


1024-word by 4-bit organization 

100K interface ECL 

Full voltage and temperature compensation 
Noninverted, open emitter outputs 

Fast access times 

24-pin cerdip, ceramic LCC, and ceramic flatpack 
packaging 


oooudUcmaadUcUwvnDLmv 


Ordering Information 





Access Supply 
Part Number Time (max) Current(min) Package 
UPB100474B-6 6 ns -450 mA 24-pin ceramic 
BS 8 ns -220mA _‘flatpack 
B-10 10 ns 
B-t5 15 ns 
UPBi00474D-8 8ns -220 mA 24-pin cerdip 
D-10 10 ns 
D-15 15 ns 
UPB100474K-4.5 4.5 ns -450 mA 24-pin ceramic 
Loc 
K-6 6 ns 
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pPB100474 
1,024, x 4-Bit 
100K ECL RAM 


Pin Configurations 


24-Pin Cerdip 








uPB100474 





oon on fF WN a 





83-003561A 








83IH-5405A 


24-Pin Ceramic LCC 





Ag Ag Az Vee Ap NC As 


4a bed bas tos tad 


1615 14 130012 


17 


a 
am 


#PB100474 





Dia DO; DO2z Vcc Veca DO3 





83-003562A 
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p»PB 100474 


Block Diagram 


X-Decoder/ 
Driver 


NEC 


Memory Cell Array 
64x 16x4 


Input | Sense Switch rl 
Data 


Control 
Circuit 


Ag A7 A 


Pin Identification 


Symbol! Function 

Ao - Ag Addresses 

Dl, - Dig Data inputs 

DO, -DO4 Data outputs 

WE ___ Write enable 

cs Chip select 

Voc Power supply (current switches and bias driver) . 
Voca Power supply (output devices) 

VEE Power supply 

NC No connection 

Capacitance 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 . pF 


Output capacitance Cout 5 pF 
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Output 


Data 
Y-Decoder/Driver Control 
Circuit 


8 Ag 





Absolute Maximum Ratings 


Supply voltage, Veg to Voc -7.0 V to +0.5 
Input voltage, Vin +0.5V to Veg 
Output current, loyy ~30 mA to +0.1 


-65 to +150°C 
—-55 to +125 °C 


Storage temperature, Tstg 


Storage temperature under bias, TsTg (Bias) 
Exposure to Absolute Maximum Ratings for extended periods may 
affect device. reliability; exceeding the ratings could cause perma- 


nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Truth Table 


cs WE Din Output Function 
H X xX L Not selected 
L L L L Write 0 

L L H L Write 1 

L H xX Dout Read 
Notes: 


(1) X = don't care. 


N: E C pPB 100474 


DC Characteristics 
Ta = O to +85°C; Veg = -4.5V; output load = 50 Qto -2.0V 


Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou ~1025 ~880 mV Vin = Vin max or Vi_ min 
Output voltage, low VoL -1810 -1620 mV Vin = Vin, max or Vi_ min 
Output threshold voltage, high VoHc -1035 mV Vin = Vin min or Vip max 
Output threshold voltage, low Voice -1610 mV Vin = Vin min or Vip max 
Input voltage, high Vin -1165 -880 mV Guaranteed input voltage high for all inputs 
Input voltage, low Vit -1810 -1475 mV Guaranteed input voltage low for all inputs 
Input current, high liq 220 uA Vin = Vin max 
Input current, low Ii 0.5 170 HA For CS: Vin = Vi_ min 
-50 vA For all others: Vi = Vip min 
Supply current lEE -220 mA taa = 8/10/15 ns; all inputs and outputs open 
-450 mA tan = 4.5/6 ns; all inputs and outputs open (Note 2) 
Notes: 


(2) For the uPB100474-4.5/-6, take measures to reduce the thermal 
resistance and to keep the junction temperature less than 90 °C. 
Forced air and appropriate fins on the substrate on which the 
package is mounted, or on the package itself, are recommended. 
The thermal resistance of the junction to the case (bottom side) of 
an LCC or flatpack package is less than 10°C/W. 


(1) The device under test is mounted in a test socket and is measured 
at a thermal! equilibrium established with a transverse air flow 
maintained at greater than 2.0 ms. 


Figure 1. Loading Conditions Test Circuit 


VecIGND] Vea {GND} 


Device 
Under Test 





83YL-7305B 





Figure 2. Input Pulse 


Note: 


ta=tp =2.0ns 


83YL-7306B 
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AC Characteristics 
Ta = 0 to +85°C; VEE = —-4.5V +5% 








pPB100474-4.5 PB100474- »PB100474-8  pPB100474-10 ,PB100474-15 


Parameter Symbol Min Max Min Max Min Max Min Max Min Max Unit 
Read Operation 








Chip select access time tacs 4 4 5 6. 8 ns 
Chip select recovery time tros 4 4 5 6 8 ns 
Address access time taa 4.5 6 8 10 - 15 ns 





Write Operation 





Write pulse width tw 4.5 6 6 10 15 ns 
Data setup time twsp 1 1 1 2 2 ns 
Data hold time twHp 1 1 1 2 2 ns 
Address setup time twsa 1 1 1 3 3 ns 
Address hold time twHa 2 2 1 2 2 ns 
Chip select setup time twscs 1 1 1 2 2 “ns 
Chip select hold time twucs 1 1 1 2 2 ns 
Write disable time tws 4 4 5 6 8 ns 
Write recovery time twr 4.5 6 8 10 10 ns 
Notes: 
(1) The device under test is mounted in a test socket and is measured (3) See figures 1 and 2 for loading conditions and input pulse timing. 
at a thermal equilibrium established with a transverse air flow For the uPB100474-4.5/-6, C= 5 pF. For the 4PB100474-8/10/15, 
maintained at greater than 2.0 m/sec. CL = 30 pF. 


(2) For the 4PB100474-4.5/-6, take measures to reduce the thermal (4) Output rise and fall times = 2ns (typ). 
resistance and to keep the junction temperature less than 90°C. 
Forced air and appropriate fins on the substrate on which the 
package is mounted, or on the package itself, are recommended. 
The thermal resistance of the junction to the case (bottom side) of 
an LCC or flatpack package is less than 10°C/W. 
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Timing Waveforms 


Chip Select Access Cycle 


Note: 
[1] Address is valid more than 2 ns prior to the low transition of Cs. 


{2] WE = VIH - 
831H-6164B 





Address Access Cycle 


Address 


Note: 
[1] CS=Vy. 
[2} WE = Vin. 


83IH-6144B 
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Timing Waveforms (cont) 


Write Cycle 


Address 





83IH-5950B 
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NEC Electronics Inc. 


Description 


The »PB100474A is a very high-speed 100K interface 
ECL RAM organized as 1,024 words by 4 bits and 
designed with noninverted, open emitter outputs and full 
voltage and temperature compensation. The device is 
packaged in a 24-pin cerdip or ceramic flatpack. 


Features 


1,024 word by 4-bit organization 

100K ECL interface 

Full voltage and temperature compensation 
Open emitter outputs (noninverted) 

Fast access times 

24-pin cerdip and flatpack packaging 
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Ordering Information 


Access Supply 
Part Number Time (max) Current(min) Package 
#¢PB100474AD-5 5ns -250 mA 24-pin cerdip 
AD-6 6ns 
pPB100474ABH-5 5ns ~-250 mA 24-pin ceramic 
ABH-6 6ns flatpack 
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Pin Configurations 
24-Pin Cerdip 


uPB100474A 


pPB100474A 
1,024 x 4-Bit 
100K ECL RAM 


83IH-5956A 





831H-5957A 
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yuPB100474A 
Pin Identification Absolute Maximum Ratings 
Symbol Function Supply voltage, Veg to Voc -7.0 to +0.5V 
Ag - Ag Address inputs Input voltage, Vixy Vee to +0.5V 
Dl, - Dlg Data inputs Output current, lout ~30 to +0.1 mA 
DO, - DO, Data outputs Storage temperature, Tstg ~65 to + 150°C 
WE Write enable Storage temperature under bias, Tstq (Bias) -55 to +125°C 
cs Chip select Exposure to Absolute Maximum Ratings for extended periods may 
Voc Power supply (current switches and bias driver) affect device reliability; exceeding the ratings could cause permanent 
VocA Powersupply (outputdevices) Power supply (output devices) damage. The device should be operated within the limits specified 

under DC and AC Characteristics. 
Vee ~4.5-volt power supply 
NC No connection Truth Table 

Function Cs WE Din Output 
Capacitance Not selected H X x L 
Ta = 25°C; f = 1MHz Write 0 L L L L 
Parameter Symbol Min Typ Max Unit write 1 L L H L 
Input capacitance C; 4 pF Read L H xX Dour 
Output capacitance Co 6 pF Notes: 

(1) X = don't care. 
Block Diagram 





X-Decoder/ 
Driver 


Input 
Data 


Control 
Circuit 
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Memory Cell Array 
64x16x4 


Output 
Data 
Control 
Circuit 


831H-5958B 
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E Cc uPB100474A 


DC Characteristics 
Ta = Oto +85°C; Vee = -4.5 V; output load = 50 2 to -2.0V; Vocg = Voca = OV 








Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou —1025 ~880 mV Vin = Vin, (max) or Vii (min) 
Output voltage, low VoL -1810 ~1620 mV Vin = Vin (max) or Vi__ (min) 
Output threshold voltage, high VoHc -1035 mV Vin = Vig (min) or Vii (max) 
Output threshold voltage, low VoLc : -1610 mV Vin = Vin (min) or Vic (max) 
Input voltage, high Vin -1165 -880 mV 
Input voltage, low Vit -1810 1475 mV 
Input current, high lin 220 pA Vin = Vin (max) 
Input current, low hi 0.5 170 pA For CS: Vin = Viz (min) 

~50 pA For all others: Viq = Vi_ (min) 
Supply current leg ~250 mA All inputs and outputs open 


Notes: 


(1) The device under test (DUT) is mounted in a test socket and is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/sec. 


AC Characteristics 
Ta = Oto +85°C; Vee = -4.5 V +5%; output load = 502 to -2.0V; Voc = Voca = OV 




















pPB100474A-5 pPB100474A-6 

Parameter Symbol Min Typ Max Min Typ | Max Unit Test Conditions 

Read Operation 

Address access time taa 5 6 ns 

Chip select access time tacs 3 4 ns 

Chip select recovery time tacs 3 4 ns 

Write Operation ; 

Write pulse width tw 5 6 ns 

Data setup time twsp 1 1 ns 

Data hold time twHp 1 1 ns 

Address setup time twsSa 1 1 ns 

Address hold time twHa 1 1 ns 

Chip select setup time twscs 1 s] ns 

Chip select hold time twucs 1 1 ns 

Write disable time tws 3 4 ns 

Write recovery time twr 6 7 ns 

Rise and Fall Times 

Output rise time tr 2 2 ns 

Output fall time te 2 2 ns 

Notes: 

(1) The device under test (DUT) is mounted in a test socket and is (2) See figures 1 and 2 for loading conditions and input pulse timing. 
measured at a thermal equilibrium established with a transverse Input pulse levels = —1.7 to -0.9V; input rise and fall times 
air flow maintained at greater than 2.0 m/sec. (measured between 20% and 80% or 80% and 20%) = 2 ns; Input 


and output timing reference levels = 50%. 


© 
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HPB100474A N: EK C 


Figure 1. Loading Conditions Test Circuit 


Voc (GND) ~ Veca (GND) 


Device Under 
Test 


Notes: 
(1] RL =50Q. 
{2] CL =30 pF. 
831H-59478 





Figure 2. Input Pulse 


Note: 
[1] ta=tp =2.5ns (typ). 





831H-59488 
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Timing Waveforms 


Chip Select Access Cycle 


Note: 


[1] Address is valid more than 2 ns prior to the low transition of CS. 
831H-6164B 





Address Access Cycle 


Address 


Note: 


[1] CS =VIL. 
831H-61448 





Write Cycle 





Address 





831H-5960B 
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NEC yuPB100474E 

1,024 x 4-Bit 
NEC Electronics Inc. 100K ECL RAM 
PRELIMINARY INFORMATION 





Description Pin Configurations 


The uPB100474E is a very high-speed 100K interface 24_pin Cerdip 
ECL RAM organized as 1,024 words by 4 bits and 
designed with noninverted, open emitter outputs and 
full voltage and temperature compensation. The device 
is packaged in a 24-pin cerdip or ceramic flatpack. 


Features 


QO 1,024 word by 4-bit organization 

QO 100K ECL interface 

Q Full voltage and temperature compensation 
QO Open emitter outputs (noninverted) 

QO Fast access times 

O 24-pin cerdip and flatpack packaging 


PB100474E 


83YL-7237A 


Ordering Information 


Access Supply 
Part Number Time (max) Current(min) Package 
uUPB100474ED-3 3ns -330 mA 24-pin cerdip 
ED-4 4ns 
HPB100474EBH-3 3ns -330 mA 24-pin ceramic 
EBH-4.  4ns flatpack 
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pPB100474E N: EF Cc 


Block Diagram 








2 Memory Cell Array 
pra keel 64x16 x4 


Data 
Y-Decoder/Driver Control 


Circuit Circuit 


pee | 
Sense/Switch Output 


Ag A7 Ag Ag 


831H-5958B 

Pin Identification Absolute Maximum Ratings 

Symbol Function Supply voltage, Veg to Vog | -7.0 to +0.5V 
Ao- Ag Address inputs Input voltage, Vin Veg to +0.5V 
Dl, - Diy Data inputs Output current, loyt ~30 to +0.1 mA 
DO, - DO, Data outputs Storage temperature, Totg -65 to +150°C 
WE Write enable Storage temperature under bias, Tgtq (Bias) -55 to +125°C 
cs Chip select Pee Res. GaAs asta ca tapas fe Gude 


Exposure to Absolute Maximum Ratings for extended periods may 
Voc Power supply (current switches and bias driver) affect device reliability; exceeding the ratings could cause perma- 
eo ee ee ee nent damage. The device should be operated within the limits 











Voca Power supply (output devices) specified under DC and AC Characteristics. 
VEE —4,5-volt power supply 
NC No connection Truth Table — — 

Function cS WE Di Output 
Capacitance Not selected H xX X L 
Ta = 25°C; f = 1 MHz Write 0 L L L L 
‘Parameter Symbol Min Typ Max Unit = Write 4 L L H L 
Input capacitance Cc 4 pF Read L H X DO 
Output capacitance Co 5 pF Notes: 


(1) X = don't care. 


2 


EC yPB 100474 


DC Characteristics 
Ta = Oto +85°C; Vee = -4.5V; output load = 50 Qto -2.0V; Veo = Veca = OV 























Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou -1025 —880 mV Vin = Vin, (max) or Vip (min) 
Output voltage, low VoL -1810 -1620 mV Vin = Vin, (max) or Vit (min) 
Output threshold voltage, high Voue -1035 mV Vin = Vin (min) or Vip (max) 
Output threshold voltage, low VoLc ~1610 mV Vin = Vig (min) or Vip (max) 
Input voltage, high Vin -1165 -880 mV 
Input voltage, low VIL -1810 -1475 mV 
Input current, high iH 220 HA VIN = Vin (max) 
Input current, low Ui 0.5 170 HA For CS: Vin = Vit (min) 

-50 uA For all others: Viy = Vy, (min) 
Supply current IEE -330 mA All inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and is measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 ms. 


AC Characteristics 
Ta = Oto +85°C; Vee = -4.5V £5%; output load = 50 ON to -2.0 V; Voc = Voca = OV 











pPB100474E-3 pPB100474E-4 

Parameter Symbol! “Min Typ. Max, “Min Typ. Max Unit Test Conditions 

Read Operation 

Address access time taa 3 4 ns 

Chip select access time tacs 2 3 ns 

Chip select recovery time trcs 2 3 ns 

Write Operation 

Write pulse width tw 5 6 ns 

Data setup time twsp 0.5 0.5 ns 

Data hold time twup 0.5 0.5 ns 

Address setup time twsa 0.5 0.5 ns 

Address hold time twHA 0.5 0.5 ns 

Chip select setup time twscs 0.5 0.5 ns 

Chip select hold time twucs 0.5 0.5 ns 

Write disable time tws 2 3 ns 

Write recovery time twr 4 5 ns 

Rise and Fall Times 

Output rise time tr 2 2 ns 

Output fall time te 2 2 ns 

Notes: 

(1) The device under test is mounted in a test socket and is measured (2) See figures 1 and 2 for loading conditions and input pulse timing. 
at a thermal equilibrium established with a transverse air flow Input pulse levels = -1.7 to -0.9V; input rise and fall times 
maintained at greater than 2.0 ms. (measured between 20% and 80% or 80% and 20% ) = 2 ns; input 


and output timing reference levels = 50%. 
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Figure 1. Loading Conditions Test Circuit 





Voc (GND) Voca (GND) 


Device Under 
Test 


Notes: 
{14] RL=50Q. 
[2] C= 10 pF. 





83YL-7239B 


Figure 2. Input Pulse 


Note: 
[1] th = tf = 2ns (typ). 
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Timing Waveforms 


Chip Select Access Cycle 


Note: 
[1] Address is valid more than 2 ns prior to the low transition of Cs. 


[2] WE = Vip, « 
831H-6164B 





Address Access Cycle 


Address 


Note: 
[1] CS=ViL. 
[2} WE = Vin. 


831H-6144B 
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Timing Waveforms (cont) 


Write Cycle 


Address 





831H-5960B 
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NEC ee 
16,384 x 1-Bit 


NEC Electronics Inc. 100K ECL RAM 


Description Pin Configurations 


The uPB 100480 is a very high-speed 100K interface ECL 29. pin Cerdip 
RAM with full voltage and temperature compensation. 
The device is organized as 16,384 words by 1 bit and 
designed with noninverted, open-emitter outputs and 
low power consumption. Two versions with fast access 
times of 10ns and 15 ns maximum are available. The 
UPB100480 is packaged in a hermetic, 300-mil, 20-pin 
cerdip or 20-pin ceramic flatpack. 


So 
o 
vt 
fo] 
o 
pod 
a 
Qa 
=. 


Features 


QO 16,384-word x 1-bit organization 

100K ECL interface with full voltage and 
temperature compensation 

Noninverted, open-emitter outputs 

Fast access times of 10 and 15 ns maximum 
Low power consumption 

300-mil, 20-pin cerdip or 20-pin ceramic flatpack 
packaging 


O 


831H--6171A 
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Ordering Information 8 
8 
Power a 
Access Consumption a 
Part Number Time (max) (max) Package 
MPB100480D-10 10 ns 1.2W 20-pin cerdip 
D-15 15 ns 1.14W 
UPB100480B-10 10 ns 1.2W 20-pin ceramic = 
B-15 15 ns 1.4W dea 
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Pin Identification Absolute Maximum Ratings 
Symbol Function Supply voltage, Vee ~7.0 to +0.5V 
Ao- Aig Address inputs Input voltage, Viy Veg to +0.5V 
Di Data input Output current, lout -80 to +0.1mA 
DO Data output Storage temperature, Tstg -65 to +150°C 
cs Chip select Storage temperature under bias, Tstg (bias) ~55 to + 125°C 
WE Write enable Exposure to Absolute Maximum Ratings for extended periods may 
Voc Ground affect device reliability; exceeding the ratings could cause permanent 
ee” OOOO damage. The device should be operated within the limits specified 
VEE ~4.5-volt power supply under DC and AC Characteristics. 
Capacitance Truth Table 
Ta = 25°C; f = 1MHz = — 
$$$ $n  =—«s CS WE Din Output Mode 
Parameter Symbol Min Typ Max Unit 
re nnnnnnrenneremnnems HY Xx X L Not selected 
Input capacitance Cin 4 pF 
uta Cix< «®.  ” «= E = : yee 
utput capacitance 

ch ht tll eo Ee cs a L L H L Write 1 

L H xX Dout Read . 

Notes: 


(1) X = don’t care. 


Block Diagram 


X-Address Word Memory Cell 
Decoder Driver Array 128 x 128 


Sense Amp. and 
Write Drivers 


Y-Address Decoder 


A7 Ag Ag Ajo Ait Ara Ai3 


831H-4992B 
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EC APB100480 


DC Characteristics 
Ta = O to +85°C; Veg = -4.5 V; output load = 50 2 to -2.0V; Voc = OV 





Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Von -1025 ~880 mV Vin = Vin max or Vi_ min 
Output voltage, low Vo. —1810 -1620 mV Vin = Vin, max or Viv min 
Output threshold voltage, high VoHc -1035 mV Vin = Vin, min or Vii max 
Output threshold voltage, low Votc ~1610 mV Vin = Vip min or Vi max 
Input voltage, high Vin ~1165 ~880 mV Guaranteed input voltage high for all inputs 
Input voltage, low ViL -1810 —1475 mV Guaranteed input voltage low for all inputs 
Input current, high liq 220 BA Vin = Vig Max 
Input current, low Ie 0.5 170 BA For CS: Vin = Vi_ min 
-50 For all others: Viy = Vi_ min 


pA 
Supply current leg ~260 mA For »PB100480-10: all inputs and outputs open 
~240 mA For 4PB100480-15: all Inputs and outputs open 





Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


AC Characteristics 
Ta = O to +85°C; Vee = -4.5V +5% 


























pPB100480-10 pPB 100480-15 

Parameter Symbol “Min Typ. Max “Min Typ Max Unit Test Conditions 

Read Operation 

Address access time taa 10 15 ns 

Chip select recovery time tacs 5 8 ns 

Chip select access time tacs 5 8 ns 

Write Operation 

Write pulse width tw 10 1§ ns 

Data setup time twsp 2 3 ns 

Data hold time twHp 1 2 ns 

Address setup time twsa 2 3 ns 

Address hold time twHa 1 2 ns 

Chip select setup time twscs 2 3 ns 

Chip select hold time twucs 1 2 ns 

Write disable time tws 5 8 ns 

Write recovery time twr 11 17 ns 

Output Rise and Fall Times 

Output rise time tr 2 2 ns 

Output fall time tr 2 2 ns 

Notes: 

(1) The device under test is mounted in a test socket and measured (2) Input pulse levels = -1.7 to -0.9V; input rise and fall times 
at a thermal equilibrium established with a transverse air flow (measured between 20% and 80% or 80% to 20%) = 2.5 ns; input 
maintained at greater than 2.0 m/s. and output timing reference level = 50%. 
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Figure 1. Loading Conditions Test Circuit 





Voc (GND) 


Device Under 
Test 


Notes: 
[1] RL =50Q. 
[2] Cy =30 pF. 





83IH-6036B 


Figure 2. Input Pulse 


Note: 
(1] tn=te =2.5ns (typ). 





831H-5948B 
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Timing Waveforms 





Chip Select Access Cycle 


Note: 


[1} Address is valid more than 2 ns prior to the low transition of CS. 
831H-61648 





Address Access Cycle 


Address 


Note: 


[1] CS=V 
IL 831H-5954B 





Write Cycle 


Address 


831H-5950B 
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NEC 


NEC Electronics Inc. 


Description 


The »PB100484 is a very high-speed 100K interface ECL 
RAM organized as 4,096 words by 4 bits with open- 
emitter outputs (noninverted). It is available in 28-pin 
cerdip or flatpack packages. 


Features 


4,096-word x 4-bit organization 

100K ECL interface 

Full voltage and temperature compensation 
Open-emiiter outputs (noninverted) 

Fast access times and low power consumption 
© 28-pin cerdip and 28-pin flatpack packaging 


ooadada 


Ordering Information 
Access Supply Current 


PartNumber Time (max) (min) Package 

#PB100484D-10 10 ns ~260 mA 28-pin cerdip 
D-15 15Nns —240 mA 

##PB100484B-10 10 ns -260mA — 28-pin ceramic 
B15  18ns -240ma _‘atpack 

60037 


Pin Configurations 
28-Pin Cerdip 
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foo] 
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uPB100484 


»PB100484 
4,096 x 4-Bit 
100K ECL RAM 


BUH OF 722A 





831H-6173A 
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uPB100484 


NEC 





Pin Identification 








Symbol — Function 

Ag- At Address inputs 

Di, - Dlg Data inputs 

DO, - DO, Data outputs 

WE,, WE Write enable (active low) 

cs Chip select (active low) 

Voc Power supply (current switches and bias driver) 
Voca Power supply (output devices) 

Vee -4.5-volt power supply 

NC No connection 

Capacitance 

f= 1 MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 
Output capacitance Court 6 pF 


Block Diagram 


Absolute Maximum Ratings 
Voc = Voca = OV . 


Supply voltage, Vee -7.0 to +0.5V 
Input voltage, Vin Vee to +0.5 V 
Output current, lout -30 to +0.1mA 
Storage temperature, Tstg -65 to + 150°C 
Storage temperature under bias, Tstq (bias) —55 to + 125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Truth Table 

cs WE Din Output Mode 

H X Xx L Not selected 
L L (Note 2) L L Write 0 

L L (Note 2) H L Write 1 

L H (Note 2) Xx Dout Read 
Notes: 


(1) X = don't care. 


(2) Both WE, and WE, must be low to initiate write operation. For 
read operation, either WE, or WEo or both must be high. 


X-Decoder/ Memory Cell Array 


Driver 


Input 
Data 


128 x32 x4 


ae) 
Sense/Switch Output 


Data 


Control Y-Decoder/Driver Control 


Circuit 


Circuit 


A7 Ag Ag Ato Ait 
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NEC APB100484 


DC Characteristics 
Ta = Oto +85°C; Veg = -4.5 V; output load = 50 2 to -2.0 V; Voc = Voca = OV 




















Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high VoH -1025 ~880 mV Vin = Vin Max or Vip min 

Output voltage, low VoL ~1810 -1620 mV Vin = Vin Max or Vip min 

Output threshold voltage, high Voc ~1035 mV Vin = Vin min or Vit max 

Output threshold voltage, low VoLc ~-1610 mV Vin = Vin min or Vii max 

Input voltage, high Vin -1165 ~880 mV 

Input voltage, low Vit ~1810 -1475 mV 

Input current, high NH 220 pA Vin = Vipy max 

input current, low lie 0.5 170 BA For CS: Viy = Vic min 
-50 pA For all others: Vin = Vi_ min 

Supply current ‘lee -260 mA For 4PB100484-10: all inputs and outputs open 
-240 mA For »PB100484-15: all inputs and outputs open 





Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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AC Characteristics 
Ta = Oto +85°C; Vee = -4.5 V +5%; output load = 50 2 to -2.0V; Voc = Voca = OV 




















pPB100484-10 PB 100484-15 

Parameter Symbol Min . Typ Max Min Typ Max Unit Test Conditions 

Read Operation . 

Address access time taa 10 15 ns 

Chip select recovery time tacs 5 8 ns 

Chip select access time tacs 5 8 ns 

Write Operation 

Write pulse width tw 10 15 ns 

Data setup time twsp 2 3 ns 

Data hold time twHb 1 2 ns 

Address setup time twsa 2 3 ns 

Address hold time twHa 1 2 ns 

Chip select setup time twscs 2 3 ns 

Chip select hold time twHcs 1 2 ns 

Write disable time tws 5 8 ns 

Write recovery time twr 11 17 ns 

Output Rise and Fall Times 

Output rise time tr 2 2 ns 

Output fall time te 2 2 ns 

Notes: | 

(1) The device under test is mounted in a test socket and measured (2) See figure 1 and 2 for loading conditions and input pulse timing. 
at a thermal equilibrium established with a transverse air flow Input pulse levels = ~1.7 to -0.9 V; input rise and fail times = 
maintained at greater than 2.0 m/s. 2.5 ns; input and output timing reference levels = 50%. 


N: KE Cc »PB100484 


Figure 1. Loading Conditions Test Circuit 





Voc (GND) VccA (GND) 


Device Under 
Test 


Notes: 
{1} RL =509. 
{2] CL =30 pF. 





831H-5947B 


Figure 2. Input Pulse 


Note: 
{1] taste =2.5ns (typ). 





83IH-5948B 
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Timing Waveforms 





Chip Select Access Cycle 


Note: 
[1] Address is valid more than 2 ns prior to the low transition of Cs. 





831H-6164B 


Address Access Cycle 


Address 


Note: 
{1] CS = VIL. 





Q31H-6144B 


Write Cycle 


Address 
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NEC Electronics Inc. 


PRELIMINARY INFORMATION 


Description 


The »PB100484A is a very high-speed 100K interface 
ECL RAM. It is organized as 4,096 words by 4 bits with 
noninverted, open-emitter outputs and low power con- 
sumption. Two access time versions are available: 5 ns 
and 7 ns maximum. The »PB100484A is available in a 
hermetic, 400-mil, 28-pin cerdip or 28-pin ceramic flat- 
pack. 


Features 


QO 4,096-word x 4-bit organization 

100K ECL interface 

Full voltage and temperature compensation 
Noninverted, open-emitter out puts 

Fast access times: 5 and 7 ns maximum 

Low power consumption 

400-mil, 28-pin cerdip or 28-pin ceramic flat pack 
packaging 


booadana 


Ordering Information 
Access Supply current 


Part Number Time (max) (min) Package 

#-PB100484AB-5 5ns ~260 mA 28-pin ceramic 
B-7 7ns 240 mA empeek 

#PB100484AD-5 5ns -260 mA 28-pin cerdip 
D7 7ns  -240mA 
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Pin Configurations 


28-Pin Cerdip 


uPB100484A 
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pPB100484A 
4,096 x 4-BIT 
100K ECL RAM 


B31H-GO14A 


831H-6015A 
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Pin Identification Capacitance . 
Symbol ' Function Parameter Symbol Min Typ Max Unit Test Conditions 
Ao: Ait Address inputs Input Cin 4 pF 
Diy - Dlg Data inputs sir cate 
ee ee ee ee ey | Output Cour 6 pF 
DO, - DO, Data outputs capacitance 
WE,, WE2 Write enable (active low) 
cs Chip select (active low) Truth Table 
Voc Power supply (current switches and bias driver) cs WE Din Output Function 
Voca Power supply (output devices) H X X L Not selected 
VEE — 4.5-volt power supply L L (Note 2) L L Write 0 
NC No connection L L (Note 2) H L Write 1 
L H (Note 2) x Dout Read 

Absolute Maximum Ratings 
Voc = Veca = OV Notes: 
Supply voltage, Vee -7.0t0+0.5V (1) X= don't care. 
Input voltage, Vix Veg to +0.5V (2) Both WE, and WE2 must be low to initiate write operation. For 
OO read operation, either WE, or WE or both must be high. 
Output current, loyt - 30 to +0.1 mA 
Storage temperature, Tstg - 65 to +150 °C 

Under bias, Tstg (bias) ~55 to +125 °C 


Comment: Exposure to Absolute Maximum Ratings for extended 
periods may affect device reliability; exceeding the ratings could 
cause permanent damage. The device should be operated within the 
limits specified under DC and AC Characteristics. 


Biock Diagram 


X-Decoder/ Memory Cell Array 
Driver 128 x32 x4 


Input 
Data Output 


Data 
Control 
Circuit 


Control 
Circuit 


Az Ag Ag Ajo Ait 
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DC Characteristics 
Ta = Oto +85°C; Veg = — 4.5 V; output load = 50 2 to -2.0 V; Voc = Voca = OV 





Parameter Symbol - Min Typ Max Unit Test Conditions 

Output voltage, high Von — 1025 ~ 880 mV Vin = Vin, Max or Vi_ min 

Output voltage, low VoL — 1810 ~— 1620 mV Vin = Vin max or Vi_ min 

Output threshold voltage, high VoHC - 1035 mV Vin = Vin min or Vip max 

Output threshold voltage, low VoLc - 1610 mV Vin = Vin min or Vip max 

Input voltage, high Vin ~ 1165 ~- 880 mV 

Input voltage, low Vit ~ 1810 — 1475 mV 

Input current, high Ne 220 pA Vin = Vin max 

Input current, low li 0.5 170 pA For CS: Viy = Vit min 
- 50 pA For all others: Viy = Vi_ min 

Supply current lEE — 260 mA For «PB100484A-5: All inputs and outputs open 
— 240 mA For »PB100484A-7: All inputs and outputs open 

Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


Figure 1. Loading Conditions Test Circuit 


Vec (GND) Voca (GND) 


Device Under 
Test 





Notes: 
[1] RL =50Q. 
[2] Cy =30 pF. 


83IH-5947B, 
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AC Characteristics 
Ta = Oto +85°C; Veg = — 4.5 V + 5%; output load = 50 2 to -2.0 V; Voc = Voca = OV 























pPB100484A-5 . pPB100484A-7 
Parameter _ Symbol Min Typ - Max . Min Typ Max Unit Test Conditions 
Read Operation 
Address access time taa - 5 7 ns 
Chip select recovery time trcs 3.5 4 ns 
Chip select access time tacs 3.5 4 ns 
Write Operation . 
Write pulse width tw 6 8 ns 
Data setup time twsp 1 1 ns 
Data hold time twHp 2 2 ns 
Address setup time twsa 1 1 ns 
Address hold time twHa 2 2 ns 
Chip select setup time twscs 1 1 ns 
Chip select hold time twHcs 2 2 ns 
Write disable time tws 3.5 “5 ns 
Write recovery time twr 7 9 ns 
Output Rise and Fall Times 
Output rise time tr 2 2 ns 
Output fall time tr 2 2 ns 
Notes: 
(1) The device under test is mounted in a test socket and measured (2) See figures 1 and 2 for loading conditions and input pulse timing. 
at a thermal equilibrium established with a transverse air flow Input pulse levels = — 1.7 to -0.9 V; input rise and fall times = 
maintained at greater than 2.0 m/s. 2.5.ns; input and output timing reference levels = 50%. 


Figure 2. Input Pulse 


Note: 
[1] ta=tp =2.5 ns (typ). 
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Timing Waveforms 


Read Cycle 


Address 





Write Cycle 





Address 


831H-59S0B 
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NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The »PB100A484 is a very high-speed 100K interface 
ECL RAM organized as 4K words by 4 bits and designed 
with open emitter outputs (noninverted). It is available in 
28-pin cerdip or flatpack packages. 


Features 


4096 word x 4-bit organization 

100K ECL interface 

Full voltage and temperature compensation 
Open emitter outputs (noninverted) 

Fast access times and low power consumption 
28-pin cerdip and flatpack packaging 

Center power pins 


ooea0gd0ag aa 


Ordering Information 
Access Time Supply Current 


Part Number (max) (min) . Package 

psPB100A484B-5 5ns TBD 28-pin ceramic 
BY. 7ns TB flatpack 

pPB100A484D-5 5ns TBD 28-pin cerdip 
D-7 7ns TBD 


60024 


Pin Configurations 
28-Pin Cerdip 
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wPB100A484 





»-PB100A484 
4,096 x 4-Bit 
100K ECL RAM 


B3IH-GOG9A 


83IH-6070A 
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Pin identification Truth Table 

Symbol Function ts WE Din Output Function 
Ao - Ait Address inputs H X X L Not selected 
Diy - Dig Data inputs L L L L Write 0 
DO, - DO, Data outputs L L _H ae Write 4 
WE Write enable input (active low) L H X Dout Read - 
cs Chip select (active low) Notes: 

Voc Power supply (current switches and bias driver) (1) X = don’t care. 

VOCA Power supply (output devices) : 

vee powersppy_——SSCSC*~*~*~*«< te Maxum Ratings 

Ne Be pen eor ee Supply voltage, Ver , _-7.0 to +0.5V 
Capacitance , . Input voltage, Vin Veg to. +0.5V 
Parameter. ~+~=s«sSymbol=OsWMin.—=sTyp|=S—s Max Unit Output current, lout -30 to +0.1 mA 
Inputcapacitance Gy. 4 + #F Storage temperature, Tstq -65 to +150°C 
Output capacitance Coyy ~~~ = 6 #F- Storage temperature under bias, Ts7q (Bias) -55 to +125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Block Diagram 


X-Decoder/ Memory Cell Array 
Driver 128 x32 x4 


a oe ee = 
Data uipur 


Data 
renin Y-Decoder/Driver Control 
ircuit Circuit 


A7 Ag Ag Ajo A4t 





83IH-6071B 
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DC Characteristics 
Ta = Oto +85°C; Veg = —4.5V; output load = 50 2 to -2.0V; Voc = Voca = OV 





Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high Vou -1025 -880 mV Vin = Vin, (max) or Vii (min) 

Output voltage, low VoL -1810 -1620 mV Vin = Vin, (max) or Vi. (min) 

Output threshold voltage, high VoHC -1035 mV Vin = Vir (min) or Vii (max) 

Output threshold voltage, low VoLc ~1610 mV Vin = Ving (min) or Vii (max) 

Input voltage, high Vin -1165 -880 mV 

Input voltage, low Vit —1810 -1475 mV 

input current, high NH 220 nA Vin = Vir (max) 

Input current, low lie 0.5 170 pA For CS: Vin = Viz (min) 
~50 pA For all others: Viq = Vit (min) 

Supply current lee TBD mA PB100A484-5: all inputs and outputs open 
TBD mA pPB100A484-7: all inputs and outputs open 

Notes: 


(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/sec. 


AC Characteristics 
Ta = Oto +85°C; Veg = -4.5 V 5%; output load = 50 2 to -2.0 V; Voc = Voca = OV 
































»PB100A484-5 pPB100A484-7 

Parameter ; Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time taa 5 7 ns 

Chip select recovery time tacs 3.5 4 ns 

Chip select access time tacs 3.5 4 ns 

Write Operation 

Write pulse width tw 6 8 ns 

Data setup time twsp 1 1 ns 

Data hold time twp 2 2 ns 

Address setup time twsa 1 1 ns 

Address hold time tWHA 2 2 ns 

Chip select setup time twscs 1 1 ns 

Chip select hold time twHcs 2 2 ns 

Write disable time tws 3.5 5 ns 

Write recovery time twr 7 9 ns 

Output Rise and Fail Times 

Output rise time tr 2 2 ns 

Output fall time te 2 2 ns 

Notes: 

(1) The device under test is mounted in a test socket and measured (2) See figures 1 and 2 for loading conditions and input pulse timing. 
at a thermal equilibrium established with a transverse air flow Input pulse levels = ~1.7 to -0.9 V; input rise and fall times = 
maintained at greater than 2.0 m/s. 2.5 ns; input and output timing reference levels = 50%. 
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Figure 1. Loading Conditions Test Circuit 


Voc (GND) Veca (GND) 


Device Under 
Test 


Notes: 
(1] RL =50Q. 


[2] CL =30 pF. 
831H-5947B 





Figure 2. Input Pulse 


Note: 
[1] tR=tF =2 ns (typ). 


831H-5948B 
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Timing Waveforms 





Chip Select Access Cycle 


83}H-6164B 





Address Access Cycle 


Address 


A3IN- 50408 





Write Cycle 





Address 











83IH-5950B 
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NEC pPD100500 

262,144 x 1-Bit 
NEC Electronics Inc. 100K BiCMOS ECL RAM 
PRELIMINARY INFORMATION 


Description Pin Configuration 


The WPD100500 is a very high-speed BICMOS RAM with —_24_Ppin Cerdip 
full voltage and temperature compensation for a 100K 
ECL interface. Its unique design uses blended CMOS 
and bipolar peripheral circuits and N-channel MOS 
memory cells. The device is organized as 262,144 words 
by 1 bit and designed with an open-emitter output 
(noninverted) for fow power consumption. Two ver- 
sions with fast access times of 15 and 20 ns maximum 
are available in hermetic, 300-mil, 24-pin cerdip pack- 


aging. 


[=] 
9S 
Ww 
o 
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= 
Qa 
a, 
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Features 


O BiCMOS technology 
O 262,144-word x 1-bit organization 


B3IH-6031A 





O 100K interface ECL with full voltage and Pin Identification 

temperature compensation Symbol SUnctEn 
= : on 

Noninverted, Open emitter output . gee Rdarsen inputs 
QO Fast access times of 15 and 20 ns maximum Dn Data input 
O Low power consumption Dout Data output 
O 300-mil, 24-pin cerdip packaging Gs Chip select 

2 : WE Write enable 
Ordering Information 
Voc Ground 
Power 
Access Consumption VEE —4.5-volt power supply 

Part Number Time (max) (max) Package 
pPD100500D-15 15 ns 720 mW 24-pin cerdip 





D-20 20 ns 
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Absolute Maximum Ratings 


Supply voitage, Veg ~7.0 to +0.5 V 
Input voltage, Vin Veg to t0.5V 
Output current, loyy -30 to +0.1mA 
Storage temperature, Tstg ~65 to + 150°C 
Storage temperature under bias, Tstq (bias) ~55 to + 125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 





Capacitance 

Ta = 25°C; f = 1 MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cn 4 pF 
Output capacitance  Coyt 6 pF 


Block Diagram 


X-Address Word 
Decoder Driver 


512 x 512 
Memory Cell Array 








Truth Table 

cs WE Din Output Mode 

H X X L Not selected 
L L L L Write 0 

L L H L Write 1 

L H X Dout Read 
Notes: 


(1) X = don't care. 


Sense Amplifiers and 


Write Drivers 


Y-Address Decoder 


Ag Aio Aiy A1t2 Aig Ata Ais Aig A17 
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DC Characteristics 
Ta = Oto +85°C; Ver = ~4.5 V; output load = 50 2 to-2.0V; Vog = OV 


Parameter Symbol Min Max Unit Test Conditions 
Output voltage, high ~ Von —1025 -880 mV Vin = Vin max or Vi_ min 
Output voltage, low VoL ~1810 -1620 mV Vin = Vin, max or Vi. min 
Output threshold voltage, high Vouc —1035 mV Vin = Vin min or Vi_ max 
Output threshold voltage, low Voc -1610 mvV Vin = Vin min of Vp max 
Input voltage, high Vin ~1165 -~880 mV Guaranteed input voltage high for all inputs 
Input voltage, low Vit ~1810 ~1475 mV Guaranteed input voltage low for all inputs 
Input current, high hy 220 pA Vin = Vin max 
Input current, low lit 0.5 170 pA For CS: Vin = Vit min 
~50 pA For all others: Viq = Vi_ min 
Supply current lEE —160 mA All inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and is measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


AC Characteristics 
Ta = Oto +85°C; Veg = -4.5 V + 5% 








pPD100500-15 p#PD100500-20 
Parameter Symbol “Min Typ Max “Min Typ Max Unit Test Conditions 
Read Operation ————————~—~—~—~SsSsSCSsee 
Address access time taa . 15 20 ns 
Chip select access time tacs 10 15 ns 
Chip select recovery time tacs 10 15 ns 
Write Operation 
Write pulse width tw 10 15 ns 
Data setup time twsp 2 3 ns 
Data hold time twHpb 3 3 ns 
Address setup time twsa 2 2 ns 
Address hold time tWHA 3 3 ns 
Chip select setup time twscs 2 2 ns 
Chip select hold time twHcs 3 3 ns 
Write disable time tws 10 15 ns 
Write recovery time twr 18 23 ns 
Output Rise and Fall Times 
Rise time tr 2 2 ns 
Fall time te 2 2 ns 
Notes: 
(1) The device under test is mounted in a test socket and is measured (2) Input pulse fevels = ~1.7 to -0.9V; input rise and fall times 
at a thermal equilibrium established with a transverse air flow (measured between 20% and 80% or 80% and 20%) = 2.5ns; 
maintained at greater than 2.0 m/s. input and output timing reference levels = 50%. 
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Figure 1. Loading Conditions Test Circuit 


Voc (GND) 


Device Under 
Test 


Notes: 
[1] RL =50Q. 
[2} CL =30pF. 


Figure 2. Input Pulse 


-1.7V 


Note: 
[1] tR=tF =2.5ns (yp). 
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N: KE Cc pPD100500 


Timing Waveforms 





Chip Select Access Cycle 





831H-5972B 


Address Access Cycle 


Address 





Q31H-6144B 


Write Cycle 


Address 


831H-5973B 
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PRELIMINARY INFORMATION 


Description 


The »PD100504 is a very high-speed BICMOS RAM with 
full voltage and temperature compensation for a 100K 
ECL interface. lts unique design uses blended CMOS 
and bipolar peripheral circuits and N-channel MOS 
memory cells. The device is organized as 65,536 words 
by 4 bits and designed with an open-emitter output 
(noninverted) for low power consumption. A fast access 
time of 15 ns maximum is available in hermetic, 400-mil, 
32-pin cerdip packaging. 


Features 


CO BiCMOS technology 

QO 65,536-word x 4-bit organization 

Q 100K interface ECL with full voltage and temperature 
compensation 

Noninverted, open-emitter output 

Fast access time of 15 ns maximum 

Low power consumption 

400-mil, 32-pin cerdip packaging 


ooaoa 


Ordering Information 


Power 
Access Consumption 
Part Number Time (max) (max) Package 
psPD100504D-15 15 ns 810 mW 32-pin cerdip 
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pPD100504 
65,536 x 4-Bit 
100K BiCMOS ECL RAM 


Pin Configuration 


32-Pin Cerdip 


st 
oS 
w 
So 
o 
= 
Q 
a. 
a. 


83YL-7193A 


Pin Identification 





Symbol Function 

Ao- Ais Address inputs 

Diy - Dig Data inputs 

Doi - Dog Data outputs 

cs Chip select 

WE Write enable 

Voc: Voca Ground 

Vee ~—4,5-volt power supply 
NC No connection 
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Absolute Maximum Ratings Truth Table . 

Supply voltage, Veg -7.0t0+05V CS WE DI * Output Mode 
Input voltage, Vixy Veg to +0.5 V H X X L Not selected 
Output current, loyt -30to +0.1mMA = L L L L Write 0 
Storage temperature, Tstg -65 to + 150°C. L L H L Write 1 
Storage temperature under bias, Ts7q (bias) -55to +125°C aL, H X Dout Read 


Exposure to Absolute Maximum Ratings for extended periods may Notes: 

affect device reliability; exceeding the ratings could cause permanent (1) X = don't care 
damage. The device should be operated within the limits specified : 
under DC and AC Characteristics, 


Capacitance 

Ta = 25°C; f = 1 MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cin 4 pF 

Output capacitance Court 6 pF 


Block Diagram 


RW 
X-Address Memory Cell Array Control 


Decoder 256 x 1024 Circuit 


Sense all aoa Sense ee Sense head Sense Amplifier 
and 
Write Circuit Write C Circult Write Circuit Write Circuit 


Ag Ag Aio Ait At2 Aig Ata A15 





83YL-7191B 
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DC Characteristics 
Ta = O to +85°C; Ver = -4.5 V £5%; output load = 50 Nto -2.0V; Veo = OV 


Parameter Symbol Min Max Unit Test Conditions 
Output voltage, high Vou -1025 ‘880 mV Vin = Vin max or Viz min 
Output voltage, low VoL -1810 -1620 mV Vin = Vip max or Vi_ min 
Output threshold voltage, high Voue -1035 mV Vin = Vin min or Vip max 
Output threshold voltage, low Vote -1610 mV Vin = Vin min or Viy_ max 
Input voltage, high Vin -1165 -880 mV Guaranteed input voltage high for all inputs 
Input voltage, low ViL -1810 —-1475 mV Guaranteed input voltage low for all inputs 
Input current, high Ny 220 LA Vin = Vip, max 
Input current, low lit 0.5 170 UA For CS: Vin = Vi_ min 
-50 HA For all others: Viy = Vy, min 
Supply current lEE -180 mA All inputs and outputs open 
Notes: 


(1) The device under test is mounted in a test socket and is measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 


AC Characteristics 
Ta = O to +85°C; Vee = -4.5V + 5%; Veg = OV 





Parameter Symbol Min Typ Max Unit Test Conditions 
Read Operation 

Address access time taa 15 ns 

Chip select access time tacs 10 ns 

Chip select recovery time tres 10 ns 





Write Operation 























Write pulse width tw 10 ns 

Data setup time twsp 2 ns 

Data hold time twHD 3 ns 

Address setup time twsa 2 ns 

Address hold time tWHA 3 ns 

Chip select setup time twscs 2 ns 

Chip select hold time twucs 3 ns 

Write disable time tws 10 ns 

Write recovery time twr 18 ns 

Output Rise and Fall Times 

Rise time tr 2 ns 

Fall time tr 2 ns 

Notes: 

(1) The device under test is mounted in a test socket and is measured (2) Input pulse levels = -1.7 to -0.9V; input rise and fall times 
at a thermal equilibrium established with a transverse air flow (measured between 20% and 80% or 80% and 20%) = 2.0 ns; 
maintained at greater than 2.0 m/s. input and output timing reference levels = 50%. 
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Figure 1. Loading Conditions Test Circuit 


Voc (GND) 


Device Under 
Test 


Notes: 
1] RL =50Q, 
[2] CL =30 pF. 





831H-6036B 


Figure 2. Input Pulse 


Note: 
[1] ta=tF = 2.0 ns (typ). 


83YL-7192B 
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Timing Waveforms 


Chip Select Access Cycle 


831H-5972B 





Address Access Cycle 


Address 


Note: 


(1} CS=VIL 
831H-6144B 





Write Cycle 


Address 


831H-5973B 
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EPROMs 


Section 9 
EPROMs 


pPD27HCE5 9-1 
8,192 x 8-Bit CMOS UV EPROM 


pPD27C1000A 9-13 


131,072 x 8-Bit CMOS UV EPROM 


pPD27C10001A 9-25 


131,072 x 8-Bit CMOS UV EPROM 


»PD27C1024A 9-37 


65,536 x 16-Bit CMOS UV EPROM 


pPD27C2001 9-49 


262,144 x 8-Bit CMOS UV EPROM 


uPD27C 4001 9-61 


524,288 x 8-Bit CMOS UV EPROM 


Additional New Product Information 


NEC 


Comments 


New package (B suffix) 
New package (B suffix) 


New speed of 120 ns and new package (B suffix) 


New device, with speeds to 150 ns 


uMPD27C-4000 256K x 16 bits or 512K x 8 bits 


Device Number Description 

EPROMs 

UPD27C1000A 128K x 8 bits, ROM-compatible, 
WSOP packaging 

uUPD27C1001A 128K x 8 bits, JEDEC-compatible, 
WSOP packaging 

uPD27C2001 256K x 8 bits, WSOP packaging 

uPD27C4096 256K x 16 bits 


New device, with speeds to 120 ns 


NEC 


NEC Electronics Inc. 


Description 


The »PD27HC65 is an ultraviolet erasable and electri- 
caly programmable read-only memory fabricated with 
double-polysilicon CMOS technology for high speed 
and low operating and standby power. The »PD27HC65 
is organized as 8,192 words by 8 bits and has three-state 
outputs, fully TTL-compatible inputs and outputs, and a 
program voltage (Vpp) of 12.5 volts. The device is pack- 
aged in a 24-pin cerdip with quartz window. 


Features 


Q 8,192-word x 8-bit organization 

Ultraviolet erasable and electrically programmable 
Ultra-high-speed access time 

Low power dissipation 

— 100 mA maximum (active) 

— 25 mA maximum (standby) 

TTL-compatible I/O for reading and programming 
Single +5-volt power supply 

Double polysilicon CMOS technology 

24-pin cerdip packaging 


o00 


oo0a0o00 


Ordering Information 


Part Number Access Time (max) Package 





pPD27HCE5DX-25 25 ns 24-pin cerdip with 
DX-35 35 ns quartz window 
DX-45 45 ns 
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uPD27HC65 
8,192 x 8-Bit 
CMOS UV EPROM 


Pin Configuration 


24-Pin Cerdip 


ive] 
© 
oO 
xc 
~— 
N 
(=) 
a. 
=a 


83IH-7030A 


Pin Identification 


Symbo! Function 

Ao - Aq2 Address inputs 

Oo - O7 Data outputs 

CE/Vpp Chip enable/program voltage 
GND Ground 

Voc +5-volt power supply 
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Absolute Maximum Ratings 


Power supply voltage, Voc ~0.6 to +7.0V 
Input voltage, Vin -0.6 to +7.0V 
Input voltage, Ag and Ayo -0.6 to +135 V 
Output voltage, Vout -0.6 to +7.0V 
Storage temperature, Tstg -65 to +125°C 
Operating temperature, Topr 0 to 70°C 
Program voltage, Vpp -0.6 to +13.5 V 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device realiability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 





Capacitance 

Ta = 25°C; f = 1 MHz; Vin and Voyt = OV 

Parameter Symbol Min Typ Max _ Unit 
Input capacitance Cin 5 10 pF 
Output capacitance Court 10 15 pF 
CE/Vpp input capacitance Cp 10 20 pF 
Block Diagram 


Chip Enable 
Program Logic 


9-2 





Truth Table 





Cycle CE/Vpp Ag Ao Voc Output 
Read VIL X X +5.0V Dour 
Standby Vin X X +5.0V — High-Z 
Byte program +125 V X X +6.0V Dn: 
Program verify — Vit x X +60V  Dout 
Blank page set Vin XX Vin +5.0V  High-Z 
Blank read (type 1) Vit xX View +5.0V Dour 


Blank read (type 2) ViL Vien ViqnH 3 +5.0V Dout 


Notes: 

(1) Vinw = +12V +0.5. 

(2) X can be either Vi, or Vip. 

(8) XX can be either Vi_, Vin, OF Vir: 


Op 0; Op Og 04 O5 Og 07 


Output Buffers 


a _ 


65,536-bit 
(256 x 256) 
Memory Array 


83tH-7031B 


NEC 








pPD27HC65 
Recommended Operating Conditions 
Parameter. Symbol Min Typ Max Unit 
Read Operation or Standby 
Supply voltage Voc 4.75 5.0 5.25 Vv 
Input voltage, high Vind 2.2 Voc + 0.3 Vv 
Input voltage, low (Note 1) Vit -0.3 08 Vv 
Operating temperature Ta 0 70 °C 
Programming Operation 
Supply voltage Voc 6.25 6.5 6.75 Vv 
CE/Vpp 12.2 12.5 12.8 V 

Input voltage, high Vin 2.4 Voc + 0.3 Vv 
Input voltage, low Vit -0.3 0.8 Vv 
Operating temperature Ta 20 25 30 Vv 
Notes: 
(1) Vij = -1.5 V minimum for 10 ns maximum pulse width. 
DC Characteristics 
Parameter ' Symbol Min Typ Max Unit ‘Test Conditions 
Read Operation or Standby 
Ta = Oto +70°C; Voc = +5.0 V +5% 
Output voltage, high VouH 2.4 Vv lon = -4 mA 
Output voltage, low VoL 0.45 Vv lo. = 6MA 
Output leakage current lo ~10 10 pA Vout = OV to Voc; CE/Vpp = Vin 
Input leakage current lu -10 10 pA Vin = 0V to Voc 
Voc current (active) loca 100 mA CE/Vpp = Viti lout = 0 mA (minimum cycle time) 
Voc current (standby) locs1 50 mA — CE/Vpp = Vin (min); Vin = Vir Or Vit 

locs2 25 mA — CE/Vpp 2 Voc - 0.2 V; Vin 2 Voc -0.2V <= 0.2V 
Programming Operation 
Ta = 25 +5°C; Vocg = +6.5 V £0.25; CE/Vpp = +12.5 V +0.3 
Output voltage, high Vou 2.4 Vv lon = -4mA 
Output voltage, low VoL 0.45 V lo. = 6MA 
Input leakage current ly -10 10 HA Vin = OV to Voc 
Vpp current Ipp 50 mA 
Voc current loc 100 mA 
Blank Read Operation 
Ta = 25 +5°C; Voog = +5.0 +0.5V 
Input voltage, high Vin 2.2 Voc + 0.3 Vv 

Vin 11.5 12 12.5 Vv 
Input voltage, low Vit -0.3 0.8 Vv 
Output voltage, high VoH 2.4 Vv lon = -4 mA 
Output voltage, low VoL 0.45 Vv lo. = 6MA 
Input leakage current It ~10 10 pA Vin = 0V to Voc 
Voc current loc 100 mA 
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AC Characteristics 
Ta = Oto +70°C; Vocg = +5.0 V +5% 








pPD27HC65-25 #PD27HC65-35 pPD27HC65-45 








Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Read Operation . 

Address to output delay tacc 25 35 45 ns CE/Vpp = Vit 
CE to output delay tcE 20 30 30 ns 

OE or CE high to output float — tor 20 30 30 ns 

Address to output hold tou 0 0 0 ns CE/Vpp = Vit 





AC Characteristics (cont) 
Ta = 25 +5°C; Voc = +6.0 V £0.25; CE/Vpp = +12.5V +03 


Parameter Symbol Min Typ Max Unit Test Conditions 
Programming Operation 








Address setup time tas 








2 ps 
Address hold time tay 2 HS 
Data setup time tos 2 pS 
Data hold time tbH 2 HS 
Voc setup time tycs 2 BS 
Vpp rise time tr 1 pS 10% to 90% 
Vpp fall time tr 1 us 90% to 10% 
CE/Vpp setup time tcEs 2 BS 
GE/Vpp to data delay tcep 500 ns 
CE/Vpp to output float torp 500 ns 
Verify pulse width typ 1 pS 
Program pulse width tpw 0.095 0.1 0.105 ms 
Overprogram pulse width topw 0.095 1.05 ms 
Blank Read Operation 
Page address setup time tras 0 BS 
Blank read setup time ters 1 uS 
Page programming pulse width tppw 1 ps 
Page address hold time tpan 1 BS 
Address setup time tass 0 BS 
Address to output delay taccs 500 ns 
Address hold time tans 1 BS 
Notes: 


(1) Input pulse levels = 0 to 3V; input and output timing reference 
levels = 1.5 V; input rise and fall times < 5 ns. See figures 1 and 
2 for output load. 


? 
pb 


NV. KE Cc uPD27HC65 


Figure 1. Output Load 


Note: 


{1] Voltage is + 6.0 V for tas, taw. cep; tcEs; tDH: 'Ds; tr, topw. 'pw. tr, tvcs; typ. 
831H-70328 





Figure 2. Output Load for tpg and tprp 


5V 
[Note 1] 


700 Q 


Note: 
[1] Voltage is + 6.0 V for tpFp. 


831H-7033B 








9-5 


pPD27HC65 


NEC 





Read Operation 


The »PD27HC65 may be read when CE/Vpp is low by 
addressing a desired location. Data is output on O, 
through O7 after the specified time for tacc has elapsed 
or after CE/Vpp goes low for a specified time of tce, 
whichever occurs later. 


Blank Check Cycles 


Because of the »PD27HC65’s high speed, normal read 
cycles cannot detect an erased memory location and 
individual bits in a byte may be read as either high or low, 
causing an erased location to.appear to contain valid 
data. The only certain method of reading an erased 
location is by means of blank check cycles. 


Two types of cycles must be executed to assure that 
addresses have been completely erased. To initiate the 
first cycle, CE/Vpp must be low with Ajo at Vin and Ag 
either high or low, allowing all erased data bits to be read 
as high. Type 2 blank check cycles will read the erased 
data bits as low when both Ajo and Ag are at Vint. If both 
blank check cycles read the expected data, then the 
device has been erased. 


The »PD27HC65 is divided into four pages of 2 Kbytes 
each. Because address bits Ag and Aj are used for blank 
check selection and therefore cannot be used as ad- 
dress bits, the »PD27HC65 has a scheme to allow 
addressing of all 8 Kbytes. A page can be selected by 
toggling CE/Vpp high and then low during either a type 1 
or type 2 blank check cycle to read the page address on 
Ao and Ay. Subsequently, all addresses in the selected 
page are read from Ap through Ag, Ay; and Aj2 to 
determine whether or not they have been erased. Once a 
page is verified, CE/Vpp may again be toggled high and 
then low to read the next addressed page on Ag and A, 
and then the addresses in the selected page. This pro- 
cess continues until all four pages have been checked. 


To determine whether the »PD27HC65 has been suc- 
cessfully erased, both types of blank check cycles must 
be executed. If both pass, then the device has been 
erased. 


PROGRAMMING 


Begin programming by erasing ali data; this sets all data 
bits to an indeterminate level, the condition in which the 
uPD27HCES is originally shipped. To enter data, raise 


Voc to +6.0V, address the first byte, and apply valid 
data to the eight output pins. Apply a 0.1-ms program 
pulse of +12.5 V to CE/Vpp, as shown in the program- 
ming portion of the timing waveforms. Set CE/Vpp low 
(Vi) to verify the eight bits prior to making a program/no 
program decision. If the byte is programmed within 10 
tries, apply an additional overprogram pulse of “x” ms 
(where "x” equals the number of tries multiplied by 0.1) 
and input the next address. If the »PD27HC65 is not 
programmed in 10 tries, reject it as a program failure. 


Because the »PD27HC65 cannot distinguish an erased 
bit as either high or low during a normal read cycle, it is 
recommended that all locations be programmed to pre- 
vent reading of incorrect data by EPROM programmers 
or the system CPU. 


Program Inhibit 


Use the programming inhibit option to program multiple 
devices connected in parallel. All like inputs (except 
CE/Vpp) may be common. Applying a + 12.5 V program 
pulse to the CE/Vpp pin of an individual device will cause 
it to be programmed. Applying a high level (Vj) to the 
CE/Vpp input of all the other devices prevents them from 
being programmed. 


Program Verify 


Address bits may be verified to determine whether or not 
data was correctly programmed. CE/Vpp of the device to 
be verified should be at Vi, and Voc at +6.0 V. 


Program Erasure 


Erase data on the »PD27HC65 by exposing it to light 
with a wavelength shorter than 400 nm. Because expo- 
sure to direct sunlight or room-level fluorescent light 
could also erase the data, mask the window to prevent 
unintentional erasure by ultraviolet rays. Opaque labels 
are supplied with every device. 


Data is typically erased by ultraviolet rays with a wave- 
length of 254 nm. A minimum integrated dose of 15 
W-sec/cm2 (ultraviolet lighting intensity multiplied by 
exposure time) is required to completely erase written 
data. 


An ultraviolet lamp rated at 12,000 uW/cm2 will complete 
erasure in approximately 20 minutes. Place the 
p»PD27HC65 within 2.5 cm of the lamp tubes and remove 
any filter on the lamp. 


N. KE Cc pyPD27HC65 


Timing Waveforms 





Read Cycle 


Address Address Valid 


tce 
[Note 1] 


<————tacc 
[Note 1] 


High Impedance High Impedance 
Output Data Valid 


Notes: 
{1] Access time is defined as tacc or tog, whichever access time occurs later. 








pPD27HC65 E | 


Timing Waveforms (cont) 





Programming Cycle 


Programming sere pee Program Verify carers aie Overprogramming 


Address 


Output Data-in Valid Data-Out Valid Data-in Valid 


Notes: 


[1] Vpp must not be greater than + 13.5 V, including overshoot. 


[2] Removing and reinserting the device while a voltage of 12.5 V is applied 
to Vpp may affect device reliability. 


[8] The output lines are also used for data input when programming the device. 





831H-7035B 


HPD27HC65 


Figure 3. Programming Flowchart 





Address = 0 


_ Voc =6.0V 
CE/Vpp = 12.5V 


Overprogram One 
0.1 x ms pulse 


Address = 
Address +1 Address =1FFF 
Yes 
Voc = 4.5 to 5.5 V 
Verify All 
Bytes 


All Pass 





Device 
Failed 





831H-7036B 
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Timing Waveforms (cont) 


Blank Read Cycle 


Blank Page Set ee Blank 1 Read or Blank 2 Read 


Output 





831H-7037B 


EK pPD27HC65 


Figure 4. Blank Read Flowchart 





Initialize Blank Read 1 or 2 
[Note 2] 
Set Next Page 
(Note 3} 
Address = 0 
(Note 4] 


Read 
Location {Note 1] 


Address = 
Address +1 . Last Address? 
[Note 4} 


Yes 
All 4 Pages Read? 
Both Blank 


Read 1 and Blank 
Read 2 Complete? 





Device 
Failed 


Notes: 


[1] Data must equal FF Hex for type 1 blank read cycles and 00 Hex for 
type 2 blank read cycles. 


[2] For type 1 blank read cycles, CE/Vpp =ViLi Ag = Vit or ViH; Ayo = VIHH- 
For type 2 blank read cycles, CE/Vpp = Vj_; Ag = A190 = VIHH- 


[3] Use Agand A, for setting the page address when toggling CE/Vpp ‘ 
[4] Use only addresses Ag through Ag and Ay; and Ayo. 
831H-7038B 
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Description 


The #PD27C1000A is a 1,048,576-bit ultraviolet erasable 
and electrically programmable read-only memory fabri- 
cated with double-polysilicon CMOS technology for a 
substantial savings in both operating and standby 
power. The device is organized as 131,072 words by 8 
bits and operates from a single +5-volt power supply. 


The »PD27C1000A has both page and single-location 
programming features, three-state outputs, and fully 
TTL-compatible inputs and outputs. It also has a pro- 
gram voltage (Vpp) of 12.5 volts and is available in a 
32-pin cerdip with quartz window. 


Features 


Q 131,072-word x 8-bit organization 
Q Ultraviolet erasable and electrically programmable 
Q High-speed programming capability 
— Page programming 
— Byte programming 
Q Low power dissipation 
— 40 mA maximum (active) 
— 100 pA maximum (standby) 
TTL-compatible I/O for reading and programming 
Single +5-volt power supply 
Double-polysilicon CMOS technology 
32-pin cerdip packaging 
Pinout compatibility with 28-pin mask- 
programmable »PD23C 1000s 


ogooaaa 


Ordering Information 


Part Number Access Time (max) Package 


pPD27C1000AD-12 120 ns $2-pin cerdip with a 
D-15 150 ns quartz window 
D-20 200 ns 


60048 New WSOP package will be available in 1991. 





uPD27C1000A 
131,072 x 8-Bit 
CMOS UV EPROM 


Pin Configuration 
32-Pin Cerdip 


$ 
[= 
= 
R 
Ny 
(a) 
G, 
a 


Pin Identification 


Symbol Function 

Ag - Aig Address inputs 

Oo - O7 Data outputs 

CE Chip enable 

OE Output enable 

PGM Program 

GND Ground 

Voc +5-volt power supply 
Vpp Program voltage 

NC No connection 
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uPD27C1000A 

Absolute Maximum Ratings Capacitance 

Power supply voltage, Voc ~06to +7.0V TA = 25°C: f = 1 MHZ; Vin and Vour = OV 

input voltage, Viy 0.6 to +7.0V Parameter Symbol Min Typ Max Unit 

Input voltage, Ag 0.6 to +13.5V ‘Input capacitance Cin “4 pF 

Output voltage, Vor 0.6 to +7.0V Output capacitance Cour aa ll 

Operating temperature, Topr ~10 to +80°C 

Storage temperature, Tstq ~65 to + 125°C 

Program voltage, Vpp 0.6 to +13.5V 

Exposure to Absolute Maximum Ratings for extended periods may 

affect device reliability; exceeding the ratings could cause permanent 

damage. The device should be operated within the limits specified 

under DC and AC Characteristics. 

Truth Table 

Function CE OE PGM Vpp Vec Output 

Read ViL Vit Vin +5.0V +5.0V Dout 

Output disable Vit Vin X +5.0V +5.0V High-Z 

Standby Vin X Xx +5.0V. +5.0V High-Z 

Page data latch Vin Vit Vin +12.5V +6.5V Din 

Page program Vin Vin Vit +12.5V +6.5V High-Z 

Byte program ViL Vin Vit +12.5V +6.5V Din 

Program verify Vit Vir Vin +12.5V +65V Dout 

Program inhibit X Vir - Vit +12.5V +6.5V High-Z 
Xx Vin - Vin . 





Notes: 
(1) X can be either Vi, or Viz. 


(2) In read operation, PGM must be set to V;} at all times, or switched 
from Vi to Vi4 at least 2 ws before OE or CE goes to Vj. 


Block Diagram 


Output Enable 
Chip Enable 
Program Logic 


X-Decoder 
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Op 0; O2 03 04 [5 Og O07 


Output Buffers 


Y-Gating 


1,048,576-bit 
(1024 x 1024) 
Memory Array 
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Parameter Symbol Min Typ Max Unit 


Supply voltage Voc 45 5.0 5.5 Vv 
Vpp Voc - 0.6 Voc Voc + 0.6 V 
Input voltage, high Vin 2.0 Voc + 0.3 Vv 
Input voltage, low Vit -~0.3 0.8 Vv 
Operating temperature Ta 0 , 70 °C 
Programming Operation 
Supply voltage Voc 6.25 . 6.5 6.75 Vv 
Vpp 12.2 12.5 12.8 Vv 
Input voltage, high Vi 2.4 Voc + 0.3 Vv 
Input voltage, low Vit -0.3 08 Vv 
Operating temperature Ta 20 25 30 °C 





DC Characteristics 
Ta = 0 to +70°C; Voc = +5.0V £10%; Vpp = Voc +0.6 
































Parameter Symbol Min Typ Max Unit Test Conditions 
Read Operation or Standby 
Output voltage, high Vou 2.4 Mv lon = —400 pA 
VoH2 Voc — 0.7 Vv lon = —100 nA 
Output voltage, low VoL 0.45 Vv lop = 2.1mMA 
Output leakage current lo -10 10 BA Vout = 0V to Voc; OE = Vin 
Input leakage current ty -10 10 pA Vn = OVtoO Voc 
Vpp current Ipp 1 100 pA Vpp = Voc 
Voc current (active) Iocat 5 mA CE = Vi Vin = Vin 
Ioca2 - 40 mA f = 8.4 MHz; lout = OMA; tacc = 120 ns 
30 mA f = 6.7 MHz; lout = OMA; tacc = 150 ns 
25 mA f = 5 MHz; lour = 0 mA; tacc = 200 ns 
Voc current (standby) locs1 1 mA CE = Vin 
Iocs2 1. 100 pA CE = Voc; Vin = OV to Voc 
DC Characteristics (cont) 
Ta = 25 +8°C; Voc = +6.5V £0.25; Vpp = +12.5V + 0.3 
Parameter Symbol Min Typ Max Unit Test Conditions 
Programming Operation 
Output voltage, high Vou 2.4 Vv lon = ~400 pA 
Output voltage, low VoL 0.45 Vv lol = 2.1mA 
Input leakage current le -10 10 pA Vin = Vi or Ving 
Vpp current Ipp 50 mA CE = PGM = Vi 
Voc current loc 30 mA 
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AC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10%; Vpp = Vog + 0.6V 


pPD27C1000A-12  pPD27C1000A-15 y~PD27C1000A-20 





Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Read Operation or Standby 

Address to output delay tacc 120 150 200 ns CE=O0E=W 

CE to output delay tce 120 150 200 ns OF=Vi 

OE to output delay toe 70 70 75 ns CE=V 

OE or CE high to output float tor 0 50 0 50 0 60 ns CE =V, orOE = Vi 
Address to output hold ton 0 0 0 ns CE=0E=Vi 





AC Characteristics (cont) 
Ta = +25 + 5°C; Voc = +6.5 + 0.25V; Vpp = +1252+0.3V 








Parameter Symbol Min Typ Max Unit Test Conditions 
Page Programming Operation 
Address setup time tas 2 ps 
CE setup time tces 2 BS 
Data setup time tos 2 ps 
Address hold time taH 2 us 
taHL 2 BS 
taHv 0 BS 
Data hold time tou 2. ps 
SE to output float time tor oO: 130 ns 
Vpp setup time typs 2 pS 
Voc setup time tyos 2 ps 
Program pulse width tpw 0.095 0.1 0.105 ms 
SE setup time toes 2 us 
GE to output delay tog 150 ns 
GE pulse width during data latch tiw 1 BS 
PGM setup time tpams 2 us 
CE hold time tcen 2 BS 
OE hold time toeH 2 Bs 





N: KE Cc uPD27C1000A 


AC Characteristics (cont) 





Parameter Symbol Min Typ Max Unit Test Conditions 
Byte Programming Operation 

Address setup time tas 2 ps 
OE setup time toEs 2 us 
Data setup time tos 2 ps 
Address hold time tan 2 BS 
Data hold time tou 2 BS 
GE to output float time tor 0 130 ns 
Vpp setup time typs _ 2 ps 
Voc setup time tvcs 2 ps 
Program pulse width tpw 0.095 0.1 0.105 ms 
CE setup time toes 2 US 
OE to output delay tog 150 ns 





Notes: 


(1) Input pulse levels = 0.45 to 2.4V; input and output timing 
reference levels = 0.8 and 2.0 V; input rise and fall times < 20 ns. 
See figure 1 for output load. 


Figure 1. Output Load 


83IH-6066B 
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Programming Operation 


Begin programming by erasing all data; this sets all data 
bits high. The »PD27C1000A is originally shipped in this 
condition. To enter data, program a low-level TTL signal 
into the chosen location. Address the first byte or page 
location and apply valid data at the eight output pins. 
Raise Voc to +6.5 V + 0.25 and Vpp to +12.5V + 0.3. 


Byte Programming 


For byte programming, CE should be set low and OE 
high to start programming at the initial address. Apply a 
0.1-ms program pulse to PGM, as shown in the byte 
programming portion of the timing waveforms. Set OE 
low to verify the eight bits prior to making a program/no 
program decision. If the byte is not programmed, apply 
another 0.1-ms pulse to PGM, up to a maximum of 10 
times, and input the next address. If the bits are not 
programmed in 10 tries, reject the device as a program 
failure. After all addresses are programmed, lower both 
Voc and Vpp to +5.0 V + 10% and verify all data again. 


Page Programming 


For page programming, CE and PGM should be set high. 
OE pulses low four times to latch the addressed 4-byte, 
1-page data. Subsequently, CE and OE should be set 
high and a 0.1-ms program pulse applied to PGM, as 


shown in the page programming portion of the timing» 


waveforms. Verify the data prior to making a program/no 
program decision. If all 4 bytes of page data are not 
programmed, apply another 0.1-ms pulse to PGM, up to 
a maximum of 10 times and input the next page address. 
‘If the page is not programmed in 10 tries, reject the 
device as a program failure. After all addresses are 
programmed, lower both Voc and Vpp to +5.0 V +10% 
and verify all data again. 
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Program Inhibit 


Use the programming inhibit option to program fautibe 
»wPD27C1000As connected in parallel. All like inputs 
except PGM and OE may be common. Program individ- 
ual devices by applying a low-level TTL pulse to the PGM 
pin of the devices to be programmed. Apply a high-level 
signal to the PGM pins of the other devices to prevent 
them from being programmed. 


Program Verification 


To verify that the device is correctly programmed, 
normal read cycles can be executed with a high logic 
level applied to the PGM pin and low logic levels applied 
to the CE and OE pins of the device to be verified. The 
CE or OE pins of all other devices should be set high. 


Program Erasure 


Erase data on the »PD27C1000A by exposing it to light 
with a wavelength shorter than 400 nm. Since exposure 
to direct sunlight or room-level fluorescent light could 
also erase the data, mask the window to prevent unin- 
tentional erasure by ultraviolet rays. Opaque labels are 
supplied with every device. 


Data is typically erased by ultraviolet rays with a wave- 
length of 254 nm. A minimum integrated dose of 15 
W-sec/cm2 (ultraviolet lighting intensity multiplied by 
exposure time) is required to completely erase written 
data. 


An ultraviolet lamp rated at 12,000 nW/cm2 will complete 
erasure in approximately 15 to 20 minutes. Place the 
p»PD27C1000A within 2.5 cm of the lamp tubes and 
remove any filter on the lamp. 


NV. E C uPD27C1000A 


Timing Waveforms 





Read Cycle 


Address Valid 


F 


tp 
[Note 2] 
tOH 


High. impedance 


f ¥\\\ High impedance 
Data Valid ) y 
" EL LF 


Notes: 
[1] OE may be delayed for read operation up to tacc— to_, after the falling 
edge of CE, without impact on tacc. 


[2] tpg is specified from OE or CE, whichever occurs first. 
83IH-6286B 
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Timing Waveforms (cont) 


Page Programming Cycle 


Page Data Latch Pee Page Program ae aaa | Verify 


Output First Word Second Word 
[Note 1] Data Input Data Input 


{Note 2] 


VpP 
VPP 


Voc 


Notes: 


[1] The output lines are also used for data input when programming the device. 
[2] Up to 32 words may be written during each page programming cycle. 
[3] teams timing begins after the last data word has been input. 





83TB-6057B 
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Figure 2. Page Programming Flowchart 





Address = G 
Voc: = 6.5 V 
Vpp =12.5V 


Latch Data 
Word 


Address = 
Address +1 


Voc = 4.5 to 5.5V 
Vpp = VCC 


Verify All 
Words 


Notes: All Pass 


[1] G = First Address 
[2] N = Last Address Failed 





831H-6598B 
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Timing Waveforms (cont) 





Byte Programming 


Pages ene eer sc a 


Address 


Output Data-out Valid y 


Notes: 


[1] Vcc must be applied simultaneously or before Vpp and removed 
simultaneously or after Vpp. 

[2] Vpp must not be greater than +13.5 V, including overshoot. 

[3] Removing and reinserting the device while a voltage of 12.5 V is 
applied to pin Vpp may affect device reliability. 

[4] The output lines are also used for data input when programming the device. 
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Figure 3. Byte Programming Flowchart 





Address = G 


Voco =6.5V 
Vp =12.5V 


Address = 
Yes 
Vec = 4.510 5.5V 
Vpp = Vcc 
Verify All 
Words 


All Pass 


[1].G = First Address 
[2] N = Last Address Failed 


Notes: 


831H-6068B 
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NEC pPD27C1001A 
131,072 x 8-Bit 


NEC Electronics Inc. CMOS UV EPROM 


Description Pin Configuration 


The pPD27C1001A is a 1,048,576-bit ultraviolet erasable 32. pin Cerdip 
and electrically programmable read-only memory 
(EPROM) fabricated with double-polysilicon CMOS 
technology for a substantial savings in both operating 
and standby power The device is organized as 131,072 
words by 8 bits and operates from a single +5-volt 
power supply. 


The »PD27C1001A has both page and single-location 
programming features, three-state outputs, fully TTL- 
compatible inputs and outputs, and a program voltage 
(Vpp) of 12.5 volts. 


The »PD27C1001A is available in a 32-cerdip with a 
quartz window. 


< 
= 
o 
o 
- 
Oo 
a 
N 
fa) 
a 
a. 


Features 
Q 131,072-word x 8-bit organization 





O Ultraviolet erasable and electrically programmable 
Q High-speed byte or page programming : ae 
© Low power dissipation Pin Identification 
— 40 mA active weet ’ Symbol Function 
— 100 pA standby (max : 
A , : -A Address inputs 
© TTL-compatible I/O for reading and programming soe 
O Single +5-volt power supply Oo - O7 Data outputs 
© Double-polysilicon CMOS technology CE Chip enable 
Q 32-pin cerdip packaging OE Output enable 
O JEDEC-compatible pinout BGM Program 
Ordering Information oe ereand 
Part Number Access Time (max) Package Voc +5-volt power supply 
wPD27C1001AD-12 120 ns 32-pin cerdip witha VPP. Program voltage 
D-15 150 ns quartz window NC No connection 
D-20 200 ns 





60049 New WSOP package will be available in 1991. 9-25 
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Absolute Maximum Ratings 


Capacitance 


Ta = 25°C; f = 1 MHz; Vin and Vout =0O0V 


Symbol Min 
C 
Co 


Voc 
~ +5.0V 
+5.0V 
+5.0V 
+6.5V 
+6.5V 
+6.5V 
+6.5V 
+6.5V 


Unit 
pF 
PF 


Output 
Dout 
High-Z 
High-Z 

Din 
High-Z 
Din 
Dout 
High-Z 





Power supply voltage, Voc -0.6 to +7.0V 

Input voltage, Viy -0.6to +7.0v Parameter 

Input voltage, Ag 0610 +13.5V _— ‘[nput capacitance 

Output voltage, Vout 0.610 +7.0v Output capacitance 

Operating temperature, Topr -10 to 80°C 

Storage temperature, Tstg -65 to 125°C 

Program voltage, Vpp -0.6 to +13.5 V 

Exposure to Absolute Maximum Ratings for extended periods may 

affect device reliability; exceeding the ratings could cause permanent 

damage. The device should be operated within the limits specified 

under DC and AC Characteristics. 

Truth Table 

Function CE OE PGM Vpp 

Read VIL Vit Vin +5.0V 

Output disable Vit Vin xX +5.0V 

Standby Vin X xX +5.0V 

Page data latch 2 Min Vit Vin +12.5V 

Page program Vind - VIH ~ Vir .+12.5V 

Byte program Vit Vin Vit +12.5V 

Program verify Vi VIL Vin +12.5V 

Program inhibit xX Vit Vit +12.5V 
x Vin Vin 

Notes: 


(1) X can be either Vi, or Viz. 


(2) In read operation, PGM must be sent to_Vj; at_all times, or 
switched from Vi, to Viz; at least 2 us before OE or CE goes to Vj). 
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Biock Diagram 





Oo Oy Op Og 04 O5 Og O7 


Output Enable 
Chip Enable Output Buffers 
Program Logic 


Y-Decoder Y-Gating 


1,048,576-bit 
X-Decoder (1024 x 1024) 
Memory Array 


831H-6290B 
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Recommended Operating Conditions 

















Parameter Symbol! Min Typ Max Unit 
Read Operation or Standby 
Supply voltage Voc 45 5.0 5.5 Vv 
Vpp Voc — 0.6 Voc Voc + 0.6 Vv 
Input voltage, high Vin 2.0 Voc + 0.3 Vv 
Input voltage, low Vit -0.3 0.8 Vv 
Operating temperature Ta 0 70 °C 
Programming Operation 
Supply voltage Voc 6.25 6.5 6.75 Vv 
Vpp 12.2 12.5 12.8 v 
Input voltage, high Vin 2.4 Voc + 0.3 Vv 
Input voltage, low Vit -0.3 0.8 Vv 
Operating temperature Ta 20 25 30 °C 
DC Characteristics 
Ta = Oto +70°C; Voc = +5.0 V 10%; Vpp = Voc 
Parameter Symbol Min Typ Max Unit Test Conditions 
Read Operation or Standby 
Output voltage, high Vout 2.4 V ‘lon = -400 pA 
VoH2 Voc - 0.7 V lon = —100 pA 
Output voltage, low VoL 0.45 Vv lo. = 2.1mA 
Output leakage current ILo -10 10 nA Vout = 0V to Voc; OE = Vin 
Input leakage current let ~10 10 pA Vin = OV tO Voc 
Vpp current Ipp 1 100 pA Vpp = Voc 
Voc current (active) locat 15 mA CE = Vii Vin = Vin 
loca2 40 mA f = 8.4 MHz; Ioyt = OMA; taco = 120ns 
30 mA f = 6.7 MHz; lout = OMA; tacc = 150 ns 
25 mA f = 5 MHz; lout = OMA; tacc = 200 ns 
Voc current (standby) locs1 1 mA CE = Vy min 
Iocs2 1 100 A CE = Voc; Vin = OV to Veg 
DC Characteristics (cont) 
Ta = 25 +5°C; Voc = +6.5V £0.25; Vpp = +12.5V +03 
Parameter Symbol Min Typ Max Unit Test Conditions 
Programming Operation 
Output voltage, high Vou 2.4 loy = —400 pA 
Output voltage, low VoL 0.45 lo. = 2.1mA 
Input leakage current lu -10 10 BA Vin = OVto Voc 
Vpp current Ipp 50 mA CE = PGM = Viv 
Voc current Ioc 30 mA 


4 


EC 


AC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10%; Vpp = Voc + 0.6V 


pPD27C1001A 

















pPD27C1001A-12 pPD27C1001A-15 pPD27C1001A-20 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Read Operation or Standby 
Address to output delay tac 120 150 200 ns CE=0E=WV,. 
CE to output delay tcE 120 150 200 ns OE = Vit 
OE to output delay toe 70 70 75 ns CE=Vi 
OE high to output float — tor 50 50 60 ns CE =VW or OE = Wi 
Address to output hold tou 0 ns CE = OF = Vy. 
AC Characteristics (cont) 
Ta = 25 + 5°C; Voc = +65 + 0.25 V; Vpp = +125 +0.3V 
Parameter Symbol! Min Typ Max Unit Test Conditions 
Page Programming Operation 
Address setup time tas 2 us 
CE setup time tces 2 us 
Data setup time tos 2 us 
Address hold time taH 2 us 

TAHL 2 BS 

taHV 0 BS 
Data hold time too 2 us 
CE to output float time tor 0 130 ns 
Vpp setup time typs 2 us 
Voc setup time tycs 2 ps 
Program pulse width tpw 0.095 0.1 0.105 ms 
OE setup time toes 2 us 
OE to output delay tog 150 ns 
OE pulse width during data latch tiw 1 us 
PGM setup time tpems 2 us 
CE hold time tcEH 2 us 
OE hold time toEH 2 BS 
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AC Characteristics (cont) 





Parameter Symbol Min Typ Max Unit Test Conditions 
Byte Programming Operation 

Address setup time tas 2 BS 
OE setup time toes 2 us 
Data setup time tps. 2 mS) 
Address hold time taH 2 us 
Data hold time tou 2 BS 
SE to output float time tor 0 130 ns 
Vpp setup time typs 2 ps 
Voc setup time tvcs 2 ps 
Program pulse width tpw 0.095 0.1 0.105 ms 
CE setup time tces 2 Bs 
OE to output delay toe 150 ns 





Notes: 


{1) Input pulse levels = 0.45 to 2.4V; input and output timing 
reference levels =-0.8 and 2.0 V; input rise and fall times < 20 ns. 
See figure 1 for output load. 


Figure 1. Output Load 
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Programming Operation 


Begin programming by erasing all data; this sets all bits 
high. The »PD27C1001A is originally shipped in this 
condition. Address the first byte or page location and 
apply valid data at the eight output pins. Raise Voc to 
+6.5 +0.25 V; then raise Vpp to +12.5 £0.3 V. 


Byte Programming 


CE should be set low and OE high to start programming 
at the initial byte address. Apply a 0.1 ms program pulse 
to PGM as shown in the byte programming portion of the 
timing waveforms. Set OE low to verify the eight bits 
prior to making a program/no program decision. If the 
byte is not programmed, apply another 0.1-ms pulse to 
PGM, up to a maximum of 10 times, and input the next 
address. If the bits are not programmed in 10 tries, reject 
the device as a program failure. After all addresses are 
programmed, lower both Voc and Vpp to +5.0 V +10% 
and verify all data again. 


Page Programming 


For page programming, CE and PGM should be set high. 
OE pulses low four times to latch each of the 4 data bytes 


onto the page. Subsequently, CE and OE should be set . 


high and a 0.1-ms program pulse applied to PGM as 
shown in the page programming portion of the timing 
waveforms. Verify the data prior to making a program/no 
program decision. If all four bytes of page data are not 
programmed, apply another 0.1-ms pulse to PGM, up to 
a maximum of 10 times, and input the next page address. 
If the page is not programmed in 10 tries, reject the 
device as a program failure. After all addresses are 
programmed, lower both Vcc and Vpp to +5.0 V +10% 
and verify all data again. 


pPD27C1001A 


Program inhibit 


Use the program inhibit option to program multiple 
p»PD27C1001As connected in parallel. All like inputs 
(except CE, but including OE) may be common. Pro- 
gram individual devices by applying a low-level TTL 
pulse to the CE input of the device to be programmed. 
Applying a high level to the CE input of the other devices 
prevents them from being programmed. 


Program Verification 


To verify that the device is correctly programmed, nor- 
mal read cycles can be executed with a high logic level 
applied to the PGM pin and a low logic level applied to 
the CE and OE pins of the device to be verified. The CE 
and OE pins of all other devices should be set high. 


Program Erasure 


Erase data on the ».PD27C1001A by exposing it to light 
with a wavelength shorter than 400 nm. Exposure to 
direct sunlight or fluorescent light could also erase the 
data. Consequently, mask the window to prevent unin- 
tentional erasure by ultraviolet rays. Opaque labels are 
supplied with every device. 


Data is typically erased by ultraviolet rays of 254 nm.A 
lighting level of 15 W-sec/cm2 (min) is required to com- 
pletely erase written data (ultraviolet ray intensity multi- 
plied by exposure time). 


An ultraviolet lamp rated at 12,000 nxW/cm?2 takes ap- 
proximately 20 minutes to complete erasure. Place the 
uPD27C1001A within 2.5 cm of the lamp tubes. Remove 
any filter on the lamp. 
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Timing Waveforms 





Page Programming Cycle 


Page Data Latch eames tl Page Program ec pam Verify 


Output First Word Second Word 
[Note 1} Data Input Data Input 


Vpp 
VPP 


Vcoc 


Notes: 


[1] The output lines are also used for data input when programming the device. 





831H-6818B 
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Figure 2. Page Programming Flowchart 


Address =G 


Voc: = 6.5 V 
Vpp =12.5V 


Address = 
Address +1 
Address = 
Address +1 


Address = 
Address +1 


Program One 
0.1-ms pulse 





Address = 
Address +1 Address = N 


Voc = 4.5 to5.5V 
Vep = VCC 
Verify All 
Bytes 


Notes: All Pass 


[1] G = First Address 
[2] N = Last Address Failed 





831H-6819B 
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Timing Waveforms (cont) 


Byte Programming Cycle 


Program on eS — eo Verify ee 


Address 


Notes: 

[1] Voc must be applied simultaneously or before V ppand removed 
simultaneously or after Vipp. 

[2] Vpp must not be greater than +13.5 V, including overshoot. 

{3] Removing and reinserting the device while a voltage of 12.5 V is 
applied to pin Vpp may affect device reliability. 

[4] The output lines are also used for data input when programming the device. 
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Figure 3. Byte Programming Flowchart 


Address =G 


Veco =6.5V 
Vpp =12.5V 


Address = 
Address +1 


Voc = 4.5 to 5.5V 
Vpp = Vcc 


Verify All 
Bytes 


Notes: All Pass 


[1] G = First Address 
{2] N = Last Address Failed 





831H-6820B 
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Timing Waveforms 





Read Cycle 


Address Address Valid 


tDF 
Nae rf [Note 2] 


High Impedance 
Output Data Valid 


High Impedance 
Notes: 


[1] OE may be delayed for read operation up to tacc- tog. after the falling 
edge of CE, without impact on tacc. 


[2] Ipg is specified from OE or CE, whichever goes high first. 





83IH-6286B 
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NEC Electronics Inc. 


Description 


The upPD27C1024A is a 1,048,576-bit ultraviolet erasable 
and electrically programmable ROM fabricated with an 
advanced CMOS process for substantial power sav- 
ings. The device is organized as 65,536 words by 16 bits 
and operates from a single + 5-volt power supply. All 
inputs and outputs are TTL-compatible. 


The uPD27C1024A is available in a 40-pin ceramic DIP 
with quartz window. 


Features 


O 65,586 x 16-bit organization 

Ultraviolet erasable and electrically programmable 
High-speed word and page programming 
Low power dissipation 

— 50 mA max (active) 

— 100 pA max (standby) 

TTL-compatible inputs and outputs 
Three-state outputs 

Single + 5-volt power supply 

Advanced CMOS technology 

40-pin cerdip packaging with quartz window 


ooo 


ooagaaqa 


Ordering Information 


Part Number Access Time (max) Package 

uPD27C1024AD-12 120 ns 40-pin cerdip with 
D-15 150 ns quartz window 
D-20 200 ns 


60006 


Pin Configuration 


40-Pin Cerdip 


Pin Identification 
Symbol 
Ao - A1s 
Oo - O15 
CE 

OE 
PGM 
GND 
Veco 
Vpp 

NC 


pPD27C1024A 
65,536 x 16-Bit 
CMOS UV EPROM 


oan ant WD 


<x 
+ 
N 
ro) 
oO 
x 
N 
Q 
Qa. 
a 
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Function 

Address inputs 

Data outputs 

Chip enable 

Output enable 
Program 

Ground 

+ 5-volt power supply 
Program voltage 


No connection 
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Block Diagram 





Data Outputs 
Og to O45 
V—_C oS Sas_\\>_—m—>9. 


Output Enable 


Chip Enable Output Buffers 
Program Logic 


Y-Decoder Y-Gating 


1,048,576-bit 


X-Decoder (1024 x 1024) 
Memory Array 


e 

e 

e 

e 
he 
—_ | 

° 

e 

° 

° 

e 

e 

e 

e 
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Absolute Maximum Ratings Capacitance 

Operating temperature, Topr ~10 to +80°C NS OAS UAT Min oe Nour so 
Storage temperature, Tstg 65 to + 125°C Peapeneter ere ee 
Output voltage, Vout -0.6 to +7.0V IRE CATER IN ae ee 
Input voltage, Vin ~0.6 to Voc + 0.3 V Output capecttanoe.. Coun ce 
Input voltage, Ag -0.6 to +13.5V 

Supply voltage, Voc -0.6 to +7.0V 

Supply voltage, Vpp -0.6 to +13.5 V 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 





Truth Table 
Function CE OE _PGM Vpp Voc Outputs 
Read Vit Vit Vin 5.0V 5.0V Dout 
Output disable Vit Vin X 5.0V 5.0V High-Z 
Standby Vin X X 5.0V 5.0V High-Z 
Page data latch Vin VIL Vin 12.5V 6.5V Din 
Page program Vin Vin Vit 125V 6.5V High-Z 
Word program Vit Vin VIL 12.5V 6.5V Din 
Program verify Vit Vit Vin 12.5 V 6.5V Dout 
Program inhibit X Vit Vit 12.5V 6.5V High-Z 
x Vin Vin 
Notes: 


(1) X = Vip or Vin. 


(2) In read operation, PGM must be set to Vj, at all times, or for at 
least 2 ns before OE or CE returns to Viz. 
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Recommended Operating Conditions 
Parameter Symbol Min 
Read Operation or Standby 


Supply voltage Voc 45 
Vpp Voc - 0.6 
Input voltage, high Vin 2.0 
Input voltage, low Vit ~0.3 
Operating temperature Ta 0 


Programming Operation 


Supply voltage Voc 6.25 
Vpp 12.2 
Input voltage, high Vin 2.0 
Input voltage, low Vit -0.3 
Operating temperature Ta 20 


DC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10%; Vpp = Voc + 0.6V 


Parameter Symbol Min Typ Max 
Read Operation 
Output voltage, high VoH1 2.4 
VoH2 Voc - 0.7 

Output voltage, low VoL 0.45 
Output leakage current lLo -10 10 
Input leakage current My ~10 10 
Vpp Current Ipp 1 100 
Voc current (active) Iocat 15 

Ioca2 50 
Voc current (standby) Iocsi1 1 

locse 1 100 

DC Characteristics (cont) 
Ta = 25 + 5°C; Voc = +6.5V + 0.25; Vpp = +125V+03 
Parameter . Symbol Min Typ Max 
Programming Operation 
Output voltage, high Vou 2.4 
Output voltage, low Vot 0.45 
Input leakage current lu -10 10 
Vpp current Ipp 50 
Voc current loc 30 


Typ 


5.0 
Voc 


6.5 
12.5 


25 


Unit 


< 


pA 
pA 
HA 
mA 
mA 
mA 
pA 


Unit 


pA 
mA 
mA 


uPD27C1024A 
Max Unit 
5.5 Vv 
Voc + 0.6 Vv 
Voc + 03 Vv 
0.8 Vv 
70 . °C 
6.75 Vv 
12.8 Vv 
Voc + 0.3 Vv 
0.8 Vv 
30 °C 


Test Conditions 


lon = —400 pA 

low = -100 nA 

lo. = 2.1 mA 

Vout = 0 to Voc; OE = Vin 

Vin = 0 to Voc 

Vpp = Voc 

CE = Vii Vin = Vn 

f = 8.4MHz; lout = OMA 

CE = Viy min 

CE = Voc - 0.2V; Vin = Oto Voc 





Test Conditions 


lon = —400 pA 
lo, = 2.1mA 
Vin = 0to Voc 


CE = PGM = VIL 
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AC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10%; Vpp = Voc +0.6V 





pPD27C1024A-12 pPD27C1024A-15 pPD27C1024A-20 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Read Operation 
Address to output delay = tacc 120 150 200 ns CE = OF = Vi 
CE to output delay tce 120 150 200 ns OE = Vit 
OE to output delay toe 60 70 70 ns CE = Vit 
OE high to output float tor 0 50 0 55 55 ns CE = Vit 
Address to output hold toy 0 0 ns CE=O0E=\. 
AC Characteristics (cont) 
Ta = 25 + 5°C; Voo = +6.5V + 0.25; Vpp = +12.5V + 0.3 
Parameter Symbol Min Typ Max Unit Test Conditions 
Page Programming Operation 
Address setup time tas 2 us 
CE setup time tcEs 2 BS 
Data setup time tps 2 Bs 
Address hold time taH 2 us 

tAHL 2 ps 

taHV 0 us 
Data hold time tou 2 BS 
OE to output float time tor 0 130 ns 
Vpp setup time : typs 2 us 
Voc setup time tvcs 2 us 
Program pulse width tpw 0.095 0.1 0.105 ms 
GE setup time toes 2 us 
GE to output delay tog - 150 ns 
OE pulse width during data tiw 1 us 
latch 
PGM setup time tpems us 
CE hold time tcEH Ws 
OE hold time toEH 2 us 


N. KE Cc uPD27C1024A 


AC Characteristics (cont) 
Ta = 25 + 5°C; Vocg = +6.5V + 0.25; Vpp = +125V +403 


Parameter Symbol Min Typ Max Unit Test Conditions 
Word Programming Operation 





Address setup time tas 2 us 
OE setup time toes 2 us 
Data setup time tps 2 us 
Address hold time taH 2 pS 
Data hold time toy 2 ps 
OE to output float time tor 0 130 ns 
Vpp setup time typs 2 LS 
Vcc setup time tycs 2 pS 
Program pulse width tpw 0.095 0.1 0.105 ms 
CE setup time tcEs 2 US 
OE to output delay toe 150 ns 
Notes: 


(1) Input pulse levels = 0.45 to 2.4V; input and output timing 
reference levels = 0.8 and 2.0 V; input rise and falltimes < 20 ns. 
See figure 1 for output load. 


Figure 1. Output Load 


ic C= 100 pF 
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PROGRAMMING 


Before programming the »PD27C1024A, erase all data; 
this sets all data bits high. The »PD27C1024A is originally 
shipped in this condition. To begin programming, first 
raise Voc to +6.5 V + 0.25, and then raise Vpp to 12.5 V 
+ 0.3. At this point, data to be programmed can be 
directly input in 16-bit format through the data bus. 
Programming causes relevant bits to go low. 


Word Programming 


For word programming, CE should be set low and OE 
high to start programming at the initial address. A0.1-ms 
pulse is applied to PGM, as shown in the word program- 
ming portion of the timing waveforms, and OE goes low 
to verify the 16 bits prior to making a program/no 
program decision. If the word is not programmed, an- 
other 0.1-ms pulse is applied to PGM, up to a maximum 
of 10 times, before the next address is input. If the bits are 
not programmed in 10 tries, reject the device as a 
program failure. 


After all addresses are programmed, lower both Vcc and 
Vpp to +5.0 V + 10% and verify all data again. 


Page Programming 


To begin page programming, CE and PGM should be set 
high and OE pulsed low twice to latch the addressed 
two-word, one-page data. CE and OE subsequently go 
high and a 0.1-ms program pulse is applied to PGM, as 
shown in the page programming portion of the timing 
waveforms. Immediately thereafter, CE and OE go low to 
verify the data prior to a program/no program decision 
being made. If the two words of page data are not 
programmed, another 0.1-ms pulse is applied to PGM, up 
to a maximum of 10 times. If the page is not programmed 
in 10 tries, reject the device as a program failure. 
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Program Inhibit 


The program inhibit option can be used in either word or 
page operation to program one of multiple .PD27C1024A 
devices whose CE pins are independent and OE, Vpp, 
and Og through O45 pins are connected in parallel. For 
word programming, OE must be high and CE of the 
device to be programmed low. For page programming, 
both OE and CE must be high. Applying a low-level TTL 
pulse to PGM of the device to be programmed and a 
high-level TTL pulse to the PGM pins of the other devices 
enables the one device to be programmed while the 
others are inhibited. 


Program Verification 


To verify that the device is correctly programmed, 
execute a normal read cycle with a high logic level 
applied to the PGM pin and a low logic level applied to 
the CE and OE pins of the device to be verified. A high 
should be applied to the CE or OE pin of all other 
devices. . 


Erasure 


Erase data on the uPD27C1024A by exposing it to: light 
with a wavelength shorter than 400 nm. Since exposure 


‘to direct sunlight or room-level fluorescent light could 


also erase the data, mask the window to prevent unin- 
tentional erasure by ultraviolet rays. Opaque labels are 
supplied with every device. 


Data is typically erased by ultraviolet rays with a wave- 
length of 254 nm. A minimum integrated dose of 15 
W-sec/cm? (ultraviolet lighting intensity multiplied by 
exposure time) is required to completely erase written 
data. Using an ultraviolet lamp rated at 12,000 p.W/cm2, it 
takes approximately 20 minutes to complete erasure. 
Place the nPD27C1024A within 2.5 cm of the lamp tubes 
and remove any filter on the lamp. 


NV. E Cc uPD27C1024A 


Timing Waveforms 


Read Cycle 


Address 


tDF [2} 


tOE [1] 
tacc [1] 'OH 


High impedance fe avait = High Impedance 
RRR: esta tT TF 


Notes: 
[1] OE may be delayed for read operation up to tacc- tog, after the falling 
edge of CE, without impact on tacc. 


[2] tor is specified from OE or CE, whichever occurs first. 
831H-6053B 
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Timing Waveforms (cont) 





Page Programming Cycle 


Page Data Latch ania Page Program pec tes Verify 


Address 


First Word 
Data Input 





Notes: 


[1] The output tines are also used for data input when programming the device. 
837B-60S7B 
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Figure 2. Page Programming Flowchart 


Address = G 


Voc: = 6.5 V 
Vpp =12.5V 


Program One 
0.1-ms pulse 


Address = 
Address +1 Address = N 
Yes 
Voc =4.5105.5V 
Vpp = VCC 


Verify All 
Words 


All Pass 


[1] G=First Address 
[2] N = Last Address Faile 





Notes: 


83IH-6067B 





9-45 


pPD27C1024A E | 





Timing Waveforms (cont) 


Word Programming Cycle 


icin a Vetly 


Address 


Output 
{Note 4] 


VpP 
VpP 


Vcc 


Notes: 


{1] Voc must be applied simultaneously or before V pp and removed 
simultaneously or after V pp. 


[2] Vpp must not be greater than +13.5 V, including overshoot. : 


[3] Removing and reinserting the device while a voltage of 12.5 Vis 
applied to pin Vpp may affect device reliability. 


[4} The output lines are also used for data input when programming the device. 


83TB-6058B 
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Figure 3. Word Programming Flowchart 


Address =G 
Voc =6.5V 
Vpp =12.5V 


Address = 
Address = N 


Voc = 4.5 105.5 V 
VpP = VCC 
Verify All 
Words 


Notes: All Pass 


[2] N = Last Address Passed Failed 


83/H-60688 
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NEC Electronics Inc. 


Description 


The »PD27C2001 is a 2,097,152-bit ultraviolet erasable 
EPROM fabricated with double-polysilicon CMOS tech- 
nology for a substantial savings in both operating and 
standby power. The device is organized as 262,144 words 
by 8 bits and operates from a single +5-volt power 
supply. 

The pPD27C2001 has a single-location programming 
feature, three-state ouputs, and fully TTL-compatible 
inputs and outpus. It also has a program voltage (Vpp) of 
12.5 volts and is available in a 32-pin cerdip with quartz 
window. 


Features 


O 262,144 x 8-bit organization 

QO Ultraviolet erasable and electrically programmable 
CQ High-speed page or byte programming 

QO Low power dissipation 

— 30 mA max (active) 

— 100 »A max (standby) 

TTL-compatible I/O for reading and programming 





pPD27C2001 
262,144 x 8-Bit 
CMOS UV EPROM 


Pin Configuration 


32-Pin Cerdip 


= 
° 
S 
N 
oO 
Ss 
N 
Q 
a 
3. 


B3IH-6421A 


QO 
XO Single +5-volt power supply Syme Function 
CQ Double-polysilicon CMOS technology Ag - Ai7 Address inputs 
O 32-pin cerdip packaging with quartz window Op - O7 Data outputs 
Q JEDEC-compatible pinout ae anon 
Ordering Information oe Output enable 
Part Number Access Time (max) Package PGM Program 
pwPD27C2001D-15 150 ns 32-pin cerdip with SNP Srod 
D-17 170 ns quartz window Voc +5-volt power supply 
D-20 200 ns Vpp Program voltage 
60051 New 120 ns speed and WSOP package will be available in 1991. 
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pPD27C2001 
Absolute Maximum Ratings Capacitance 
Power supply voltage, Voc  aGeio trav: A= ent = UMNE Min and Your = OV 
input voltage, Viy -0.6 to + 7.0V Parameter Symbol Min Typ Max Unit 
Input voltage, Ag “lo6to +13.5Vv _—‘(Mput capacitance Cin PF 
Output voltage, Voy —0.6to +7.0V  Outputeapacitance Coury 16 PF 
Operating temperature, Topr -10 to +80°C 
Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 
Truth Table 
Function CE OE PGM Vpp Vec Outputs 
Read Vi Vit Vin 5.0V 5.0V Dout 
Output disable Vi Vi X 5.0V 5.0V High-Z 
Standby Vin X X 5.0V 5.0V High-Z 
Page data latch ~ Mn Vit Vin 12.5V 6.5V Din 
Page program Vin Vin Vit 12.5V 6.5V ‘High-Z 
Byte program ViL Vin Vit 12.5V 6.5V Din 
Program verify Vit Vir WH -12.5V 6.5V Dout 
Program inhibit xX Vit Vit 12.5V 6.5¥ High-Z 

x ViH Vin 
Notes: 


(1) X = Vii or Vin. 


(2) In read operation, PGM_must be set to Vi; at all times, or for at 


least 2 ws before OE or CE returns to Viz. 


Block Diagram 


9-50 


Output Enable 
Chip Enable 
Program Logic 


Y-Decoder 


X-Decoder 





Og 07 Oo Og 04 O5 Og O07 


Output Buffers 


Y-Gating 


2,097,152-bit 
(1024, 2048) 
Memory Array 


831H-6422B 


N: KE Cc pyPD27C2001 


Recommended Operating Conditions 
Parameter. Symbol Min Typ Max Unit 
Read Operation or Standby 











Supply voltage Voc 45 5.0 5.5 Vv 
Vpp Voc - 0.6 Voc Voc + 0.6 Vv 
Input voltage, high Vin 2.0 Voc + 0.3 Vv 
Input voltage, low VIL -0.3 0.8 Vv 
Operating temperature Ta 0 70 °C 
Programming Operation 
Supply voltage Voc 6.25 6.5 6.75 Vv 
Vpp 12.2 12.5 12.8 Vv 
Input voltage, high Vin 2.4 Voc + 03 Vv 
Input voltage, low ViL -0.3 0.8 v 
Operating temperature Ta 20 25 30 °C 


DC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10%; Vpp = Voc + 0.6 V 








Parameter Symbol Min Typ Max Unit Test Conditions 
Read Operation 
Output voltage, high Vor 24 Vv loH = —400 pA 
VoH2 Voc — 0.7 Vv loH = —100 nA 
Output voltage, low VoL 0.45 V lol = 2.1mA 
Output leakage current ILo 10 BA Vout = 0V to Voc} OE = Vin 
Input leakage current ly 10 BA Vin = OV to Voo 
Vpp current Ipp 1 100 pA Vpep = Voc 
Voc current (active) locat 30 mA CE = Vi; Vin = Vin 
Ioca2 30 mA f = 6.7 MHz; lout = OMA 
Voc current (standby) locs1 1 mA CE = Viy min 
locse 1 100 pA CE = Voc Vin = 0V to Voc 


DC Characteristics (cont) 
Ta = 25 + 5°C; Voc = +6.5V + 0.25; Vpp = +125V + 0.3 





Parameter Symbol Min Typ Max Unit Test Conditions 
Programming Operation 

Output voltage, high Von 2.4 Vv loH = —400 pA 
Output voltage, low VoL 0.45 Vv lol = 2.1mA 
Input leakage current lu 10 BA Vin = Vir or Vin 
Vpp current Ipp 50 mA CE = PGM = Vi 
Voc current Ioc 30 mA 
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AC Characteristics 
Ta = Qto +70°C; Voc = +5.0V + 10%; Vpp = Voc + 0.6V 


»PD27C 2001-15 pPD27C2001-17 »PD27C 2001-20 

















Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 
Read Operation 

Address to output delay = tacc 150 170 200 ns CE = OE = VL 

CE to output delay tce 150 170 200 ns OE = Vi 

OE to output delay toe 70 70 75 ns CE = Vit 

GE high to output float tor 0 55 0 55 0 60 ns CE = Vy, or OE = Vi. 
Address to output hold ton 0 0 0 ns CE = OF = Vi 





AC Characteristics (cont) 
Ta = 25 + °C; Voc = +6.5V + 0.25; Vpp = +12.5V + 0.3 


Parameter Symbol Min Typ Max Unit Test Conditions 
Page Programming Operation , 








Address setup time tas 


2 ps 
CE setup time tces 2 us 
Data setup time tos 2 ps 
Address hold time - taH 2 uS 
TAHL 2 us 
taHv 0 BS 
Data hold time —tpx 2 ps 
OE to output float time tor 0 130 ns 
Vpp setup time tyes 2 us 
Voc setup time tves 2 BS 
Program pulse width tpw 0.095 0.1 0.105 ms 
OE setup time toes 2 us 
OE to output delay toe 150 ns 
GE pulse width during data tiw 1 us 
latch 
PGM setup time tpems 2 ps 
CE hold time tCEH 2 us 
OE hold time toEH 2 us 


NEC yPD27C2001 


AC Characteristics (cont) 
Ta = 25 + 5°C; Voc = +6.5V + 0.25; Vpp = +12.5V + 0.3 





Parameter Symbol Min Typ Max Unit Test Conditions 
Byte Programming Operation 

Address setup time tas 2 ps 
GE setup time toes 2 us 
Data setup time tos 2 us 
Address hold time taH 2 us 
Data hold time ton 2 BS 
OE to output float time tor 0 130 ns 
Vpp setup time typs 2 BS 
Voc setup time tycs 2 BS 
Program pulse width tpw 0.095 0.1 0.105 ms 
CE setup time tcEs 2 us 
OE to output delay tor 150 ns 
Notes: 


(1) Input pulse levels = 0.45 to 2.4V; input and output timing 
reference levels = 0.8 and 2.0 V; input rise and fall times < 20 ns. 
See figure 1 for output load. 


Figure 1. Output Load 


1 C= 100 pF 
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PROGRAMMING 


Begin programming by erasing all data; this sets all bits 
high. The »PD27C2001 is originally shipped in this con- 
dition. To enter data, program a low-level TTL signal into 
the chosen location. Address the first byte or page 
location and apply valid data at the eight ouput pins. 
Raise Voc to +6.5V +0.25 and then Vpp to +12.5V 
+0.3. 


Byte Programming 


CE should be set low and OE high to start programming 


at the initial byte address. Apply a 0.1-ms program pulse 
to PGM, as shown in the byte programming portion of 
the timing waveforms. Set OE low to verify the eight bits 
prior to making a program/no program decision. If the 
byte is not programmed, apply another 0.1-ms pulse to 
PGM, up to a maximum of 10 times, and input the next 
address. If the bits are not programmed in 10 tries, reject 
the device as a program failure. After all addresses are 
programmed, lower both Voc and Vpp to +5.0 V +10% 
and verify all data again. 


Page Programming 


For page programming, CE and PGM should be set high. 
OE pulses low four times to latch the addressed four- 
byte, one-page data. Subsequently, CE and OE should 
be set high and a 0.1-ms program pulse applied to PGM, 
as shown in the page programming portion of the timing 
waveforms. Verify the data prior to making a program/no 
program decision. lf all four bytes of page data are not 
programmed, apply another 0.1-ms pulse to PGM, up to 
a maximum of 10 times, and input the next page address. 
lf the page is not programmed in 10 tries, reject the 
device as a program failure. After all addresses are 
programmed, lower both Vcc and Vpp to +5.0 V + 10% 
and verify all data again. 
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Program Inhibit 


Use the programming inhibit option to program multiple 
uPD27C2001s connected in parallel. All like inputs ex- 
cept PGM and OE may be common. Program individual 
devices by applying a low-level TTL pulse to the PGM pin 
of the device to be programmed. Apply a high-level 
signal to the PGM pins of the other devices to prevent 
them from being programmed. 


Program Verification 


To verify that the device is correctly programmed, nor- 
mal read cycles can be executed with a high logic level 
applied to the PGM pin and a low logic level applied | to 
CE and OE of the device to be verified. The CE or OE 
pins of all other devices should be set high. 


Program Erasure 


Erase data on the »PD27C2001 by exposing it to light 
with a wavelength shorter than 400 nm. Since exposure 
to direct sunlight or room-level fluorescent light could 
also erase the data, mask the window to prevent unin- 
tentional erasure by ultraviolet rays. Opaque labels are 
supplied with every device. 


Data is typically erased by ultraviolet rays with a wave- 
length of 254 nm. A minimum integrated dose of 15 
W-sec/cm2 (ultraviolet lighting intensity multiplied by 
exposure time) is required to completely erase written 
data. 


Using an ultraviolet lamp rated at 12,000 nW/cm2, it takes 
approximately 15 to 20 minutes to complete erasure. 
Place the »PD27C 2001 within 2.5 cm of the lamp tubes 
and remove any filter on the lamp. 


NV. ia Cc pPD27C2001 


Timing Waveforms 





Read Cycle 


Address Address Valid 


toe 
[Note 1] 


High Impedance ’ High Impedance 
Output Data Valid 


Notes: 
(1} OE may be delayed for read operation up to tacc— toe. after the falling 
edge of CE, without impact on tacc. 


[2] 1pF is specified from OE or CE, whichever goes high first. 
831H-6286B 








9-55 


pPD27C2001 NV E C 


Timing Waveforms (cont) 





Page Programming 


Page Data Latch oes i Page Program a ee Verify 


Output First Word 
[Note 4] Data Input 


Vpp 


Vcec 





Notes: 


{1] The output lines are also used for data input when programming the device. 





831H-6999B, 


9-56 


E pPD27C2001 





Figure 2. Page Programming Flowchart 


Address = G 


Voc: =6.5V 
Vpp =12.5V 


Address = 
Address +1 


Address = 
Address +1 


Address = 
Address +1 


Program One 
0.1-ms pulse 





Address = 
Address +1 Address = N 


Voc = 4.5 to5.5V 
Vep = VCC 
Verify All 
Bytes 


Notes: All Pass 


[1] G= First Address 
[2] N = Last Address Failed 





831H-6819B 


9-57 





pPD27C2001 





Timing Waveforms (cont) 


Byte Programming Cycle 


Program Se Program Verify a 


Address 


Notes: 


{1] Voc must be applied simultaneously or before V ppand removed 
simultaneously or after Vipp. 


[2} Vpp must not be greater than +13.5 V, including overshoot. 


[3] Removing and reinserting the device while a voltage of 12.5 V is. 
applied to pin Vpp may affect device reliability. 


[4] The output lines are also used for data input when programming the device. 
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Figure 3. Byte Programming Flowchart 





Address =G 


Voc =6.5V 
Vpp =12.5V 


Address = 
Address +1 


Voc = 4.510 5.5 V 
Vpp = VCC 
Verify All 
Bytes 


[2] N = Last Address Passed Failed 


Notes: 
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NEC Electronics Inc. 


Description 


The uPD27C 4001 is a 4,194,304-bit ultraviolet erasable 
EPROM fabricated with double-polysilicon CMOS tech- 
nology for a substantial savings in both operating and 
standby power. The device is organized as 524,288 
words by 8 bits and operates from a single + 5-volt 
power supply. 


The uPD27C 4001 has a single-location programming 
feature, three-state outputs, and fully TTL-compatible 
inputs and outputs. It also has a program voltage (Vpp) 
of 12.5 volts and is available in a 32-pin cerdip with 
quartz window. 


Features 
QO 524,288-word by 8-bit organization 


O Ultraviolet erasable and electrically programmable 
QO High-speed programming 
0 Low power dissipation 
— 30 mA (active) 
— 100 A (standby) 
Q TTL-compatible I/O for reading and programming 
QO Single + 5-volt power supply 
0 Double-polysilicon CMOS technology 
QO 32-pin cerdip packaging with a quartz window 
O JEDEC-compatible pinout 


Ordering Information 


Part Number Access Time (max) Package 


uPD27C4001D2Z-15 150 ns 32-pin cerdip with 
DZ-17 170ns quartz window 
DZ-20 200 ns 


60007 





pPD27C4001 
524,288 x 8-Bit 
CMOS UV EPROM 


Pin Configuration 


32-Pin Cerdip 


=) 
[=] 
wv 
oO 
iw 
N 
a 
Oo. 
=a. 


83IH-6050A 


Pin Identification 


Symbol Function 

Ao - Aig Address inputs 

Oo - O7 Data outputs 

CE Chip enable 

OE Output enable 

GND Ground 

Voc +5-volt power supply 
Vpp Program voltage 
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Absolute Maximum Ratings 


Power supply voltage, Voc -0.6 to +7.0V 
Input voltage, Vin -0.6 to Voc + 0.3V 
Input voltage, Ag -0.6 to +13.5V 
Output voltage, Voyr -0.6 to +7.0V 
Operating temperature, Topr -10 to +80°C 
Storage temperature, Tstg -65 to + 125°C 
Program voltage, Vpp ~0.6 to +13.5V 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 

Ta = 25°C; f = 1 MHz; Viy and Voyt = OV 

Parameter Symbol Max Typ Unit 
Input capacitance ‘Cin 14 pF 

Output capacitance Court 16 pF 

Block Diagram 


Output Enable 
Chip Enable 


Y-Decoder 


X-Decoder 
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Truth Table 

Function CE OE Vpp Vec Outputs 
Read Ve OM +5.0V +5.0V Dout 
Output disable Vc 3 Vin +5.0V +5.0V High-Z 
Standby Vin X +5.0V +5.0V High-Z 
Program verify X Vic = +: 12.5 V +6.5V Dout 
Program Vic 3 Vn +12.5V +6.5V Din 
Program inhibit Vin Vin +12.5V +6.5V High-Z 





Notes: 
(1) “X” can be either Vy or Vip. 


Data Outputs 
Og to O7 


Output Buffers 


Y-Gating 


4,194,304-bit 
(1024 x 4096) 
Memory Array 


83iH-6051B 
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Recommended Operating Conditions 





Parameter Symbol Min Typ Max Unit 
Read Operation or Standby 
Supply voltage Voc 4.5 5.0 5.5 Vv 
Vpp Voc - 0.6 Voc Voc + 0.6 Vv 
Input voltage, high Vin 2.0 Voc + 0.3 Vv 
Input voltage, low Vit -0.3 0.8 Vv 
Operating temperature Ta 0 70 °C 
Programming Operation 
Supply voltage Voc 6.25 6.5 6.75 Vv 
Vpp 12.2 12.5 12.8 Vv 
Input voltage, high Vin 2.4 Voc + 0.3 Vv 
Input voltage, low Vit -0.3 . 0.8 Vv 
Operating temperature Ta 20 25 30 °C 





DC Characteristics 
Ta = Oto +70°C; Voc = +5.0V £10%; Vpp = Voc + 0.6V 




















Parameter Symbol Min Typ Max Unit Test Conditions 
Read Operation, Output Disabled, and Standby 
Output voltage, high Vout 2.4 Vv lon = -400 pA 
Von2 Voc - 0.7 Vv lon = -100 wA 
Output voltage, low VoL 0.45 Vv lo. = 2.1mA 
Output leakage current lLo -10 10 BA OE = Vini Vout = 0 Vto Voc 
Input leakage current Iu -10 10 BA Vin = OV to Voc 
Operating supply current Iocaq _ 30 mA CE = Vis Vin = Vin 
loca2 30 mA f = 6.7 MHz; lout = OMA 
Standby supply current Iocs1 1 mA CE = Vin min 
Iocse2 1 100 pA CE = Voc -0.2V; Vin = OV to Voc 
Program voltage current Ipp 1 100 pA Vpp = Voc 
DC Characteristics (cont) 
Ta = +25 + 5°C; Vog = +6.5V + 0.25; Vpp = +125V +03 
Parameter Symbol Min Typ Max Unit Test Conditions 
Programming Operation 
Output voltage, high Vou 2.4 Vv lon = —400 HA 
Output voltage, low VoL 0.45 Vv lol = 2.1mMA 
Input leakage current lu -10 10 pA Vin = 0 to Voc 
Operating supply current loc 30 mA 
Program voltage current Ipp 30 mA CE = Vy; OE = Vin 
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AC Characteristics 
Ta = Oto +70°C; Voc = +5.0 Vx 10%; Vpp = Voc : 


pPD27C4001-15 sPD27C4001-17 + ~PD27C4001-20 
Parameter Symbol Min Max Min Max Min Max Unit = Test Conditions (Note 1) 











Read Operation and Standby 

Address to output delay tacc 150 170 200 ns CE = O0E=Vi 

CE to output delay tce 150 170 200 ns OF = Vit 

OE to output delay tog 70 70 7 ns CE=Vi 

OE or CE to data output float delay tor 0 55 0 55 0 60 ns CE=V,or0E=Vy_ 
Address to output hold time ton 0 0 0 ns CE = 0E=V 





AC Characteristics (cont) 
Ta = +25 + 5°C; Voc = +6.5V + 0.25; Vpp = +125V +03 








Parameter Symbol Min Typ Max Unit Test Conditions (Note 1) 
Programming Operation 

Address setup time tas 2 BS 
OE setup time toes 2 us 
Data setup time tos 2 BS 
Address hold time taH 2 us 
Data hold time tou 2 LS 
Output enable to output float delay tor 0 130 ns 
Vpp setup time typs 2 us 
Program pulse width tpw 0.095 0.1 0.105 ms 
Voc setup time tycs 2 us 
Data valid from OE tog 150 ns 
Notes: 


(1) Inputs levels = 0.45 to 2.4 V; input and output timing reference 
levels = 0.8 V and 2.0 V; input rise and fall times = 20ns, See 
_figure 1 for output load. 


Figure 1. Output Load 
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PROGRAMMING OPERATION 


Begin programming by erasing all data; this sets all bits 
at a high logic level. The »PD27C4001 is originally 
shipped in this condition. To enter data, apply valid data 
at the eight output pins of the chosen address. Raise Voc 
to +6.5 V +0.25; then raise Vpp to + 12.5 V +0.3. 


OE should be set high to to start programming the initial 
address. Apply a 0.1-ms program pulse to CE as shownin 
the programming portion of the timing waveforms. Set 
OE low to verify the eight bits prior to making a program/ 
no program decision. If the address is not programmed, 
apply another 0.1-ms pulse to CE, up to a maximum of 10 
times, and input the next address. If the bits are not 
programmed in 10 tries, reject the device as a program 
failure. After all addresses are programmed, lower Vpp 
and then Voc to +5.0 V +10% and verify all data again. 


Program Inhibit 


This option is used to program multiple »PD27C4001s 
connected in parallel. All like inputs except CE and OE 
may be common. Program individual devices by apply- 
ing a high level to all OE pins and a low-level TTL pulse to 
the CE pin of the device to be programmed. Applying a 
high-level signal to the CE pins of the other devices 
prevents them from being programmed. 


pPD27C 4001 


Program Verification 


To verify that the device is correctly programmed, nor- 
mal read cycles can be executed with a high logic level 
applied to all CE pins and a low logic level applied to the 
OE pin of the device to be verified. A high logic level 
should be applied to the OE pins of all other devices. 


Program Erasure 


Erase data on the n»PD27C4001 by exposing it to light 
with a wavelength shorter than 400 nm. Since exposure 
to direct sunlight or room-level fluorescent light could 
also erase the data, mask the window to prevent unin- 
tentional erasure by ultraviolet rays. Opaque labels are 
supplied with every device. 


Data is typically erased by ultraviolet rays with a wave- 
length of 254 nm. A minimum integrated dose of 15 
W-sec/cm2 (ultraviolet lighting intensity multiplied by 
exposure time) is required to completely erase written 
data. 


An ultraviolet lamp rated at 12,000 ».W/cm2 takes approx- 
imately 20 minutes to complete erasure. Place the 
pPD27C4001 within 2.5 cm of the lamp tubes and remove 
any filter on the lamp. 
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Timing Waveforms 


Programming Cycle 


Address 


Output 
[Note 4] 


VPP 
Vpp 


Vcc 
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Notes: 


[1] Veco must be applied simultaneously or before Vpp and removed 
simultaneously or after Vpp. 


[2] Vpp must not be greater than +13.5 V, including overshoot. 


[3] Removing and reinserting the device while a voltage of 12.5 V is 
applied to pin Vpp may affect device reliability. 


[4] The output lines are used for data input when programming the device. 
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Figure 2. Programming Flowchart 


Voc =6.5V 
Vpp=12.5V 



















Program One 
0.1-ms pulse 










Pass 


Address = N 
Ye 


es 
Voc =4.5Vto5.5V 
Vpp = Vcc 


Address = 
Address + 1 
























All Pass 
Notes: 


[2] N = Last Address Passed Failed 
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Timing Waveforms (cont) 


Read Cycle 
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Address 


1OE [1] 
tACC [1] 


Output eas Cee Data Valid 


Notes: 


{1] OE may be delayed for read operation up to tacc- tog, after the falling 
edge of CE, without impact on tacc. 


[2] pF is specified from OE or CE, whichever occurs first. 





tDF [2] 


vA High Impedance 
tll 
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EEPROMs 


Section 10 
EEPROMs 


pPD28C04 
512 x 8-Bit CMOS EEPROM 


pPD28C05 
512 x 8-Bit CMOS EEPROM 


puPD28C64— 
8,192 x 8-Bit CMOS EEPROM 


pPD28C256 
32,768 x 8-Bit CMOS EEPROM 


Additional New Product Information 


Device Number Description 


EEPROMs 


10-1 


10-11 


10-21 


10-31 


uPD28C64 8K x 8 bits, TSOP packaging 


Comments 


New package (GX suffix) 


NEC 


NEC 


NEC Electronics Inc. 


Description 


The »PD28C04 is a 4,096-bit electrically erasable and 
programmable read-only memory (EEPROM) organized 
as 512 x 8 bits and fabricated with an advanced CMOS 
process for high performance and low power 
consumption. 


The device operates from a single + 5-volt power supply 
and provides a DATA polling function to indicate the 
precise end of write cycles. Additional features include 
chip erase, auto erase and programming cycles. The 
p»PD28C04 is available in standard 24-pin plastic DIP or 
miniflat packaging. 


Features 


Q Fast access times of 200 and 250 ns maximum 
Single +5-volt power supply 

Chip erase feature 

Auto erase and programming at 10 ms maximum 
DATA polling verification 

Low power dissipation 

— 17 mA max (active) 

— 100 pA max (standby) 

Endurance: 100,000 erase/write cycles per byte 
TTL-compatible inputs and outputs 
Three-state outputs 

Advanced CMOS technology 

24-pin plastic DIP or miniflat packaging 


boooso 


oogagno od 


Ordering Information 


Part Number Access Time (max) Package 


pPD28C04C-20 200 ns 24-pin plastic DIP 
C-25 250 ns 

pPD28C04G-20 200 ns 24-pin plastic miniflat 
G-25 250 ns 


60052 





pPD28C04 
512 x 8-Bit 
CMOS EEPROM 


Pin Configuration 
24-Pin Plastic DIP or Miniflat 


+ 
2 
Oo 
ao 
Nn 
Qa 
a 
a 


Pin Identification 


Symbol Function 

Ag - Ag Address inputs 

Oo - O07 Data inputs/outputs 
CE Chip enable 

OE Output enable 

WE Write enable 

GND Ground 

Voc +5-volt power supply 
NC No connection 
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Absolute Maximum Ratings 


Supply voltage, Voc -0.6 to +7.0V 
Input voltage, Vj4 -0.6 to +7.0V 
Input voltage, Vig (OE) -0.6 to +16.5V 
Output voltage, Vo -0.6 to +7.0V 
Operating temperature, Topr -10to +85°C 


Storage temperature, Tstq ~65 to + 125°C 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device rellability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 4.5 5.0 5.5 Vv 
Input voltage, high Vin 2.2 Voo +03 V 
Input voltage, low Vit -0.3 0.7 Vv 
Ambient temperature Ta 0 70 °C 





Block Diagram 


Control Logic 
and 
Timing Circuits 


Address Latches 
Address Buffers 
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Capacitance 
Ta = 25°C; f = 1 MHz; Vin and Voy7y = OV 














Parameter Symbol Min Typ Max Unit 
Input capacitance C 7 12 - pF 
Output capacitance Co 10 pF 
Truth Table 
Function CE OE WE 0 loc 
Read Vu OV Vi Dout Active 
Standby and = Viy x X High-Z Standby 
write inhibit 
Write Vii =oVin Vit Din Active 
Chip erase Vic Vinw ViL Dw = Vin Active 
Write inhibit  X Vit xX _ _ 

X Xx Vin 
Notes: 


(1) X can be either Vi_ or Viz. 
(2) Vind = +15 + 0.5V. 


VOo VOx VWO2g VOgz VO4 VOs VOg VO7 


V/O Buffers 
Data Latch 


Y-Gating 


4,096-Bit 
Memory Cell Array 
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DC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10% 





Parameter . Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vout 2.4 Vv lon = —400 nA 
VoHe2 Voc - 0.7 Vv loH = -100 HA 
Output voltage, low VoL 0.45 Vv lo. = 2.1mA 
Output leakage current lLlo 10 pA Vout = 0 to Voc 
Input leakage current ly 10 pA Vin = 0 to Voc 
Voc current (active) Iocat 20 mA CE = Vii Vin = Vin 
loca2 50 mA f = 5MHz; loyt = OMA 
Voc current (standby) locs1 1 mA CE = Vin 
locse 100 pA CE = Voc Vin = OV to Voc 





AC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 








pPD28C04-20 pPD28C04-25 

Parameter Symbol Min Max Min Max Unit Test Conditions 
‘Read Operatian 

Address to output delay tacc 200 250 ns CE = OE = Vy; WE = Vin 
CE to output delay tcE 200 250 ns OE = Vii WE = Viy 
OE to output delay tor 10 75 10 100 ns CE = Vy; WE = Vin 
CE high to output float toro 0 60 0 80 ns OE = Vii; WE = Vin 
OE high to output float toro 0 60 0 80 ‘ons CE = Vi; WE = Viq 
Output hold time from toa 0 0 ns CE = OF = Vi; 
address change WE = Vin (Note 2) 
Output hold time from rising toyc 0 0 ns OE = Vij WE = Viz (Note 2) 
edge of CE 

Output hold time from rising too ) 0 ns CE = Vij WE = Vin 
edge of OE 

WE setup time to CE twsc 10 10 ns CE = Vin 

WE setup time to OE twso 10 10 ns OE = Vin 

WE hold time from rising twHo 10 10 ns OE = Vin 

edge of OE 

Write Operation 

Write cycle time two 10 10 ms | 

Address setup time tas 10 10 ns 

Address hold time taH 200 200 ns 

Write setup time tos 0 0 ns 

Write hold time to 0 0 ns 
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AC Characteristics (cont) 

















pPD28C04-20 pPD28C04-25 

Parameter ‘ Symbol Min Max Min Max Unit Test Conditions 
Write Operation (cont) 
CE pulse width tow 150 150 ns 
GE high setup time toes 10.. 10 ns 
OE high hold time toEH 10 10 ns 
WE pulse width twp 150 150 ns 
Data setup time tos 100 100 ns 
Data hold time ton 20 20 ns 
WE high after WE-controlled = twey 9.9 9.9 ms 
write cycle 
CE high after CE-controlled = tcey 9.9 9.9 ms 
write cycle 
Chip Erase Operation 
CE setup time tecs 500 500 ns 
OE setup time tEoEs 500 500 ns 
Data setup time teps 500 500 ns 
Data hold time teDH 100 100 ns 
WE pulse width tewp 10 10 ms 
CE hold time tEcH 5 5 HS 
OE hold time tEOEH tecH + 3 tecH + 3 ps 
Notes: 
(1) See figure 1 for the output load. Input rise and fall time < 20ns; (2). Output hold time is specified from address, OE or CE, whichever 

Input pulse levels = 0.45 and 2.4 V; timing measurement refer- goes invalid first. 


ence levels = 0:8 and 2.0 V for both inputs and outputs. 


Figure 1. Output Load 
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Timing Waveforms 


Read Cycle 


ORAM) 


Notes: 
[1] Use tprc if CE transitions to Vin before OE transitions to VIH- 
(2] Use toro if OE transitions to Vj}4 before CE transitions to Vjy. 








pPD28C04 NV. EC 





Timing Waveforms (cont) 


WE-Controlled Write Cycle 
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KY 


XXX) 


High Impedance 


[1] The address inputs are latched at the falling edge of CE or WE, 

whichever occurs later. 
[2] The data inputs are latched at the rising edge of CE or WE, 

whichever occurs earlier. 
[3] Write operation requires both CE and WE to be at VIL- 

Parameter twp is defined only for the period when both 

CE and WE are at VIL - 

831H-62238 
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Timing Waveforms (cont) 


CE-Controlled Write Cycle 


tcw 
[Note 3] 


DIN 


vo High impedance 
DouT 
Notes: 
[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 
[2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 
{3] Write operation requires both CE and WE to be at VIL- 
Parameter tcwis defined only for the period when both 
CE and WE are at Vy . 
831H-62248 
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Timing Waveforms (cont) 


Chip Erase Cycle 
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Both CE and OE must be at Vi, in order to read stored 
data. While the device is executing read cycles, bringing 
either of these inputs to Vy will place the outputs in a 
state of high impedance. This two-line output control 
allows bus contention to be eliminated in the system 
application. 


Byte Write Cycle 


Low levels on CE and WE and a high level on OE place 
the »PD28C04 in write operation. The write address 
inputs are latched by the falling edge of either CE or WE, 
whichever occurs later The data inputs are latched by 
the rising edge of either CE or WE, whichever occurs 
earlier. Once byte write cycles begin executing, internal 
circuits assume all timing control and the byte being 
addressed is automatically erased and then pro- 
grammed. The operation is completed within a write 
cycle time (two) of 10 ms. 


Chip Erase Cycle 


All bytes of the »PD28C04 can be erased simultaneously 
by making CE and WE fall to Vi, after OE has been 
increased to Vin (15+0.5 V). The address inputs are 
“don’t care,” but the data inputs must all be driven to Vi 
before the chip erase cycle begins. 


pPD28C04 


DATA Polling Feature 


This feature supports system software by indicating the 
precise end of byte write cycles. DATA polling can be 
used to reduce the total programming time of the 
pPD28C04 to a minimum value, which varies with the 
system environment. 


While internal automatic write cycles are in progress, 
any attempt to read data at the last externally supplied 
address location will result in inverted data on pin I/O7 
(for example, if write data = 1xxx xxxx, then read data = 
Oxxx xxxx). Once the write cycle is complete, a read cycle 
will result in true data being output on 1/07. 


Write Protection Features 


The »PD28C04 provides three features to prevent invalid 
write cycles: 


— Noise immunity, where write operation is inhibited 
when the WE pulse width is 20 ns or less. 


— Supply voltage-level detection, where write opera- 
tion is inhibited when Vcc is 2.5 volts or less. 


— Write protection logic, where write operation is 
inhibited if OE is held low or CE or WE is held high 
during power-on or -off of the Voc supply voltage. 
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NEC Electronics Inc. 


Description 


The »PD28C05 is an electrically erasable and program- 
mable read-only memory (EEPROM) organized as 512 
words by 8 bits. The device operates from a +5-volt 
power supply and is fabricated with an advanced CMOS 
process for high performance and low power consump- 
tion. 


The device offers an ALE pin to contro! the latching of 
addresses and a DATA polling function to indicate the 
precise end of write cycles. Additional features include 
chip erase, auto erase and programming. The »PD28C05 
is available in standard 24-pin plastic DIP or miniflat 
packaging. 


Features 


512-word by 8-bit organization 

Single +5-volt power supply 

Fast access times of 200 and 250 ns maximum 
Chip erase feature 

Auto erase and programming: 10 ms maximum 
DATA polling feature ea 

Address latching by means of ALE pin 

Low power dissipation 

— 50 mA max 

— 100 pA max 

Endurance: 100,000 erase/write cycles per byte 
TTL-compatible inputs and outputs 
Three-state outputs 

Advanced CMOS technology 

24-pin plastic DIP or miniflat packaging 


oo0ongnonana aa 


Booaao 


Ordering Information 


Part Number Access Time (max) Package 

»PD28C05C-20 200 ns 24-pin plastic DIP 
C-25 250 ns 

pPD28C05G-20 200 ns 24-pin plastic miniflat 
G-25 250 ns 

60008 





uPD28C05 
512 x 8-BIT 
CMOS EEPROM 


Pin Configuration 
24-Pin Plastic DIP or Miniflat 


wW 
Q 
oO 
oO 
N 
a 
ao. 
a 


Symbol Function 

Ag - Ag Address inputs 

I/Oo - 1/07 Data Inputs and outputs 
CE Chip enable 

OE Output enable 

WE Write enable 

ALE Address latch enable 
GND Ground 

Voc +5-volt power supply 


NC No connection 
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Absolute Maximum Ratings 


Supply voltage, Voc -0.6 to +7.0V 
Input voltage, Viz -0.6 to +7.0V 
Input voltage, Vio (OE) -0.6 to +16.5V 
Output voltage, Vout -0.6 to +7.0V 
Operating temperature, Topr -—10 to +85°C 


Storage temperature, Tstg -65 to + 125°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 





Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 6.5 Vv 

Input voltage, Vin 2.0 Voc + 0.38 Vv 

high 

Input voltage, Vit -0.3 0.8 Vv 

low 

Operating Ta 0 70 °C 

temperature 

Block Diagram 


Control Logic 
and 
Timing Circuits 


Column 
Addresses 


Latches and Buffers 


Row Addresses 
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Capacitance 

Ta = 25°C; f = 1 MHz 

Parameter Symbol Min Max Unit 
Input capacitance Cc; 12 pF 
Output capacitance Co 10 pF 
Truth Table 

Function CE OF WE ALE fe) loc 
Read Vw Ve Vin Xx Dout Active 
Standby and = Vin X X X High-Z Standby 
write inhibit 

Write Vc Vn Ve Vin Din Active 


Chip erase Vic Vinh Vie Vin Active 
Write Inhibit X Vit X xX _ _ 
X Xx Vin xX _ - 


Din = Vin 


Notes: 
(1) X can be either Vj, or Viz. 
(2) Vin = +15 +0.5V. 


Op 01 O2 Og O4 M5 MO 07 


V/O Buffers 
Data Latch 


Y-Gating 


4,096-Bit 
Memory Cell Array 
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DC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10% 











Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou 2.4 Vv lon = —400 pA 
VoH2 Voc - 0.7 Vv lon = -100 pA 
Output voltage, low VoL 0.45 Vv lon = 2.1 mA 
Output leakage current lLo 10 A Vout = 0 to Voc (max) 
Input leakage current Iu 10 pA Vin = 0 to Voc (max) 
Voc current (active) locas 20 mA CE = Vii Vin = Vn 
Ioca2 50 mA f = 5MHz; loys = OMA 
Voc current (standby) locs1 1 mA CE = Vin 
locs2 100 BA CE = Voci Vin = 0 to Voc 





AC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10% 














pPD28C05-20 pPD28C05-25 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Read Cycle 
Address to output delay tacc 200 250 ns CE = OE = Vi 

ALE = WE = Vin 

ALE to output delay taLe 200 250 ns CE = OE = Vi; WE = Vin 
CE to output delay tcE 200 250 ns OE = Vii: WE = Vin 
OE to output delay tog 10 75 10 100 ns CE = Vii; WE = Vin 
CE high to output float tprc 0 60 0 80 ns OE = Vi; WE = Vin 
GE high to output float tpFo 0) 60 0 80 ns CE = Vi; WE = Vin 
Output hold time from toHa 0 0 ns CE = OF = Vi 
address change ALE = WE = Vj (Note 2) 
Output hold time from rising toHL 0 0 ns CE = OE = V,; WE = Vin 
edge of ALE (Note 2) 
Output hold time from rising touc 0 0 ns OE = Vii; WE = Vip (Note 2) 
edge of CE 
Output hold time from rising toHo 0 0 ns CE = Vii; WE = Vin 
edge of OE 
ALE high-level pulse width tLe 40 40 ns WE = Vin 
Address setup time to ALE tas. 15 20 ns WE = Vin 
Address hold time from ALE taHL 20 30 ns WE = Vin 
CE setup time to ALE tosi 20 20 ns WE = Vin 
WE setup time to CE twsc 10 10 ns CE = Vin 
WE setup time to OE twso 10 10 ns OE = Vin 
WE hold time from rising twHo 10 10 ns OE = Vin 
edge of OE 
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AC Characteristics (cont) 



































pPD28C05-20 puPD28C05-25 
Parameter Symbol Min Max Min | Max Unit Test Conditions 
Write Cycle 
Write cycle time two 10 10 ms 
Address setup time to WE tas 10 10 ns 
Address hold time from WE taH 200 200 ns 
CE setup time to WE tos 0 0 ns 
CE hold time from WE high ton 0 0 ns 
CE pulse width tow 150 150 ns 
OE high setup time toes 10 10 ns 
OE high hold time toeH 10 10 ns 
WE pulse width twp 150 150 ns 
Data setup time tos 100 100 ns 
Data hold time tox 20 20 ns 
CE high after CE-controlled tcEH 9.9 9.9 ms 
write cycle 
WE high after WE-controlled tWEH 9.9 9.9 ms 
write cycle 
Chip Erase Cycle 
CE setup time tecs 500 500 ns 
OE setup time teoEs 500 500 ns 
Data setup time ; teps 500 500 ns 
Data hold time tepH 100 100 ns 
WE pulse width tewp 10 10 ms 
CE hold time tEcH 5 5 us 
SE hold time teoeH tecH + 3 tecH + 3 BS 
Notes: 
(1) Input rise and fall time < 20 ns; input pulse levels = 0.45 and (2) Output hold time is specified either from the address, or from the 
2.4V; timing measurement reference levels = 0.8 and 2.0 V for ALE, OE or CE pins, whichever goes invalid first. 


both Inputs and outputs. See figure 1 for output load. 


Figure 1. Output Load 


T CL= 100 pF 
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Read Cycles 


CE and OE must both be at V, for read cycles to be 
executed. If either of these inputs rise to Vj; while the 
device is reading stored data, the outputs will be placed 
in a state of high impedance. This two-line output control 
eliminates bus contention in the system application. 


Byte Write Cycles 


Low logic levels on CE and WE and high logic levels on 
OE and ALE place the »PD28C05 in write operation. The 
write address inputs are latched by the falling edge of 
either CE or WE, whichever occurs later. The data inputs 
are latched by the rising edge of either CE or WE, 
whichever occurs earlier. Once byte write operation has 
begun, the internal circuitry assumes all timing control 
and the byte being addressed in automatically erased 
and then programmed. The operation completes within 
the write cycle time (two) of 10 ms. 


Chip Erase Cycles 


All bytes of the 1.PD28C05 can be erased simultaneously 
by making CE and WE fall to Vi, and ALE rise to Viy after 
OE has been increased to Vinn (+15 + 0.5V). The 
address inputs are “don’t care,” but the data inputs must 
all be driven to V4 before the chip erase cycle begins. 


Truth Table 
Function CE OE WE 
Read Vit Vit Vin 
Standby and writeinhibit = = Viyq x x 
Write Vit Vin Vit 
Chip erase Vit Vint Vit 
Write inhibit X Vit xX 
xX X Vin 
Notes: 


(1) X can be either Vi_ or Vip. 
(2) Vin = +15+05V. 


pPD28C05 


DATA Polling Feature 


This feature supports system software by indicating the 
precise end of byte write cycles and can be used to 
reduce the total programming time of the »PD28C05 to a 
minimum value, which varies with the system environ- 
ment. 


While internal automatic write cycles are being exe- 
cuted, any attempt to read data at the last externally 
supplied address location will result in inverted data on 
pin I/O7. For example, if write data = 1xxx xxxx, then 
read data = Oxxx x0. Once write cycles have finished 
executing, the execution of a subsequent read cycle will 
result in true data being output on |/07. 


Write Protection Features 


Three features protect against invalid write cycles: 


— Noise immunity, where write operation is inhibited 
when the WE pulse width is 20 ns or less; 


— Supply voltage-level detection, where write opera- 
tion is inhibited when Vcc is 2.5 volts or less; and 


— Write protection logic, where write operation is 
inhibited if OE is held low or CE or WE is held high 
during power-on or off of the Voc supply voltage. 


ALE 1/Oo - 1/07 lec 
X Dout Active 
Xx High-Z Standby 
Vin Din Active 
Vin Din = Vin Active 
x -_ = 
X 
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Timing Waveforms 
Synchronous Read Cycle (ALE-Controlled) 


High Impedance 
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NV. E Cc pPD28C05 


Timing Waveforms (cont) 


Asynchronous Read Cycle 


WE 


| | | 
- TOO {LE 


tacc 


High Impedance 


Note: 

[1] ALE = Vy. 

[2] Use tprcif CE transitions to Vi4 before OE transitions to Vin- 
[3] Use toro if OE transitions to Vij before CE transitions to Vi}. 
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Timing Waveforms (cont) 
WE-Controlled Write Cycle 


[es erg ee en ae 


yo 
DIN’ 


vO High Impedance 
DouT 


Notes: 

[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

[2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at VIL 
Parameter tywpis defined only for the period when both 
CE and WE are at VIL - 
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NV. KE Cc pPD28C05 


Timing Waveforms (cont) 


CE-Controlled Write Cycle 


High Impedance 


Notes: 


[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 


{2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[8] Write operation requires both CE and WE to be at Vit: 
Parameter tcwis defined only for the period when both 
CE and WE are at Vy, 





831H-6224B 
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Timing Waveforms (cont) 
Chip Erase Cycle 


83IH-6023B 





10-20 


NEC 


NEC Electronics Inc. 


Description 


The pPD28C64 is a 65,536-bit electrically erasable and 
programmable read-only memory (EEPROM) organized 
as 8,192 x 8 bits and fabricated with an advanced CMOS 
process for high performance and low power consump- 
tion. 


Operating from a single +5-volt power supply, the 
»PD28C64 provides DATA polling function to indicate the 
precise end of write cycles. Additional features include 
chip erase, auto erase and programming, and 32-byte 
page write cycles. 


The »PD28C64 is available in standard 28-pin plastic 
DIP. 


pPD28C64 
8192 x 8-Bit 
CMOS EEPROM 


Pin Configuration 


28-Pin Plastic DIP 





Features 
Q Single +5-volt power supply 
Q Chip erase cycles 
0 Auto erase and programming at 10 ms max Pin Identification 
O 32-byte page programming cycles Symbol Function 
z ae teh ai es Ag - Ayo Address inputs 
w power dissipation Oo. Date iscis and casual 
— 50 mA max (active) /Oo - VO7 ata inputs and outputs 
— 100 nA max (standby) CE : File shhelaes 
QO Endurance: 100,000 erase/write cycles per byte OE Output enable 
O Silicon signature WE Write enable 
O TTL-compatible inputs and outputs GND Ground 
0 Three-state outputs 
0 Advanced CMOS technology Voc +p 7volt power Supply 
O 28-pin plastic DIP packaging NC No connection 
Ordering Information 
Part Number Access Time (max) Package 
pwPD28C64C-20 200 ns 28-pin plastic DIP 
C-25 250 ns 
60053 TSOP package will be available in 1991. 10-21 
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Absolute Maximum Ratings 


Supply voltage, Voc -0.6 to +7.0V 
Input voltage, Viv -0.6 to +7.0V 
Input voltage, (Ag) -0.6 to +13.5V 
Input voltage, (OE) -0.6 to +16.5V 
Output voltage, Vour -0.6 to +7.0V 
Operating temperature, Topr ~10to +85°C 
Storage temperature, Tstq -65 to +150°C 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 








Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 Vv 
Input voltage, high Vin 2.0. Voo + 03 =V 
Input voltage, low Vit. -0.3 0.8 Vv 
Operating temperature Ta 0 70 °C 
Block Diagram 


Control Logic 
d 


an 
Timing Circuits 


Address 
Latches/Buffers 


X-Decoder 


Address 
Latches/Buffers 
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Ta = 25°C; f = 1 MHz; Viv and Voyy = OV 

















Parameter Symbol Min Typ Max Unit 
Input capacitance C 7 12 pF 
Output capacitance Co 10 pF 
Truth Table p2 
Function § CE O& WE __ Input/Output loc 
Read Vic Vi Vin Dout Active 
Standby and = Vi X X High-Z Standby 
write inhibit . 

Write VIL Vin VIL ~ Din Active 
Chip erase Vi Ven Ve Active 


Din = Vin 
Write inhibit =X VOX i eS 
. Xx X Vin 





Notes: 
(1) X can be either Vip or Vin. 
(2) Ving = +15 V + 0.5. 


VOo VO; VO2 VOg VO4 VO5 VOg VO7 


VO Buffers 
Data Latch 


Y-Gating 


65,536-Bit 
Memory Cell Array 
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KE Cc uPD28C64 














DC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high VoH1 2.4 Vv lon = —400 pA 
VoH2 Voc ~ 0.7 Vv lon = -100 nA 
Output voltage, low VoL 0.45 Vv lo. = 2.1mA 
Output leakage current ILo 10 pA Vout = 0V to Voc 
CE or OE = Vin 
Input leakage current lu 10 pA Vin = OV to Voc 
Voc current (active) Iocat 20 mA CE = Vy; OF = Vin 
Ioca2 50 mA f = 5MHz; lout = OMA 
Voc current (standby) Icos1 1 mA CE = Vin 
Iccs2 100 pA CE = Voc; Vin = 0V.to Veg 
AC Characteristics 
Ta = Oto +70°C; Voc = +5.0V + 10% 
pPD28C64-20 pPD28C 64-25 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Read Operation 
Address to output delay tacc 200 250 ns CE = OF = Vi 
CE to output delay tce 200 250 ns OE = Vit 
OE to output delay tog 10 75 10 100 ns CE = Vi 
OE or CE high to output float tor 0 60 0 80 ns CE = Vi_ or OF = Vit 
Output hold from address, ton 0 0 ns CE = OF = Vit 
OE or CE, whichever 
transition occurs first 
AC Characteristics (cont) 
Ta = Oto +70°C; Vog = +5.0V + 10% 
Parameter Symbol Min Max Unit Test Conditions 
Write Operation 
Write cycle time two 10 ms 
Address setup time tas 10 ns 
Address hold time tay 200 ns 
Write setup time tcs 0 ns 
Write hoid time tcH 0 ns 
CE pulse width tow 150 ns 
GE high setup time toes 10 ns 
GE high hold time toeH 10 ns 
WE pulse width twp 150 ns 
WE high hold time twpH 50 ns 
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AC Characteristics (cont) 














Parameter Symbol Min Max Unit Test Conditions 
Write Operation 

Data valid time tov 300 ns 
Data setup time tos 100 ns 
Data hold time too 20 ns 
Byte load cycle time tec 3 100 Bs 
Chip Erase Operation 

CE setup time tos 500 ns 
OE setup time toes 500 ns 
Data setup time tos — 500 ns 
Data hold time too 100 ns 
WE pulse width twp 10 ms 
CE hold time ton 5 ps 
OE hold time tcEH toy + 3 BS 
Notes: 


(1) See figure 1 for the output load. Input rise and fall times <= 20 ns; 
input pulse levels = 0,45 and 2.4 V; timing measurement refer- 
ence levels = 0.8 and 2.0 V for both inputs and outputs. 


Figure 1. Output Load 


C= 100 pF 
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Read Cycles 


Both CE and OE must both be at Vj, in order to read 
stored data. While the device is executing read cycles, 
bringing either of these inputs to Viy will place the 
outputs in a state of high impedance. This two-line 
output control allows bus contention to be eliminated in 
the system application. 


Byte Write Cycles 


Low levels on CE and WE and a high level on OE place 
the ».PD28C64 in write operation. Write address inputs 
are latched by the falling edge of either CE or WE, 
whichever occurs later The data inputs are latched by 
the rising edge of either CE or WE, whichever occurs 
earlier. Once byte write operation has begun, the internal 
circuits assume all timing control. The byte being ad- 
dressed is automatically erased and then programmed. 
The operation completes within the write cycle time 
(two) of 10 ms. 


Page Write Cycle 


This option allows the »PD28C64 to be completely 
programmed in a much shorter time than is required 
using byte write cycles. The loading of up to 32 bytes of 
data before internal write cycles program all of these 
bytes simultaneously allows the n.PD28C64 to be com- 
pletely written in a maximum of 2.6 seconds. The page 
address is specified by the inputs As through Ajo; once 
set, this address cannot be changed during a page write 
cycle. Within the page, address inputs Ag through A, can 
be used sequentially or in random order to specify 
individual bytes. 


The beginning of a page write cycle is the same as a 
WE-controlled byte write cycle. If the next falling edge of 
WE occurs within a byte load cycle time of 100 us, the 
internal byte load register will be loaded with another 
byte of input data. This cycle can be repeated to load a 
maximum of 32 bytes of data. At any point in the 
sequence, if WE does not have a new falling edge within 
the byte load cycle time of 100 us, byte load operation 
will terminate and automatic erasing and programming 
operations will begin. 


pPD28C64 


Chip Erase Cycles 


All bytes of the .PD28C64 can be erased simultaneously 
by making CE and WE fall to Vi, after OE has been 
increased to Vin (15 V +0.5). The address inputs are 
“don’t care,” but the data inputs must all be driven to Viy 
before the chip erase cycle begins. 


DATA Polling Feature 


This feature supports system software by indicating the 
precise end of byte write and page write cycles. DATA 
polling can be used to reduce total programming time of 
the zPD28C64 to a minimum value, which varies with the 
system environment. 


While internal automatic write operation is in progress, 
any attempt to read data at the last externally supplied 
address location will result in inverted data on pin 1/O7 
(for example, if write data = 1xxx ox, then read data = 
Oxxx xxx). Once the write cycle is complete, a read cycle 
will result in true data being output on 1|/O7. 


Write Protection Features 


The »PD28C64 provides three features to prevent invalid 
write cycles. 


@ Noise immunity, where write operation is inhibited 
when the WE pulse width is 20 ns or less. 

@ Supply voltage level detection, where write operation 
is inhibited when Vcc is 2.5 V or less. 


@ Write protection logic, where write operation is inhib- 
ited if OE is held low or CE or WE is held high during 
power on or off of the Voc supply voltage. 
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uPD28C 64 N: E Cc 


Timing Waveforms 
Read Cycle 


Address | MWA 


“tACC 
{Note 1] 


High Impedance F , ‘ High Impedance 


Notes: 


[1] OE may be delayed for read operation up to tacc— toe. after the falling 
edge of CE, without impact on tacc. 


[2] pF is specified from OE or CE, whichever occurs first. 
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Timing Waveforms (cont) 


WE-Controlled Write Cycle 


High Impedance 


[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

[2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at V1. 
Parameters typ and toys defined only for the period when both 
CE and WE are at Vj, . 


831H-6465B 
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Timing Waveforms (cont) 
CE-Controlled Write Cycle 


High impedance 


Notes: 

[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

[2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at Vy. 


Parameters tywpand tows defined only for the period when both 
CE and WE are at Vj. 
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Timing Waveforms (cont) 


Page Write Cycle 


Address 


[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

(2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at Vite 
Parameters typ and tcyare defined only for the period when both 
CE and WE are at Vj... 





Valid , 
[Last Byte} 


[4] The page cannot be changed in the middle of a page 
write cycle. Address inputs As — A492 must be supplied for 
every byte load cycle and must remain the same throughout 
the page write cycle to prevent writing to an unknown 
address location. Address inputs A g— Aare altered for each 
byte load cycle and determine the individual byte to be 
written within the page. 


[5] A maximum of 32 bytes may be loaded in a single page 
write cycle. 


831H--6467B 
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Timing Waveforms (cont) 


Chip Erase Cycle 





10-30 


NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


pPD28C256 
32,768 x 8-Bit 
CMOS EEPROM 





Description 


The uPD28C 256 is a 262,144-bit electrically erasable 
and programmable read-only memory (EEPROM) orga- 
nized as 32,768 x 8 bits and fabricated with an ad- 
vanced CMOS process for high performance and low 
power consumption. 


Operating from a single +5-volt power supply, the 
HPD28C 256 provides DATA polling and toggle bit func- 
tions to indicate the precise end of write cycles. Addi- 
tional features include software data protection, soft- 
ware chip erase, auto erase and programming, and 
64-byte page write operation using automatic write 
timing and internal address and data latches. 


The pPD28C 256 is available in standard 28-pin plastic 
DIP packaging. 


Features 


Single + 5-volt power supply 

Fast access time of 200 ns (max) 
Software chip erase cycles 

Auto erase and programming at 10 ms (max) 
64-byte page programming cycles 
End of write detection 

—DATA polling | 

— Toggle bit 

Software data protection 

Low power dissipation 

— 50 mA max (active) 

— 100 uA max (standby) 

10,000 erase/write cycles per byte 
Silicon signature included 
Advanced CMOS technology 
28-pin plastic DIP packaging 


Oo ooagdUugwmcmcvnLmcD 


Oo 


ocoUcodhmUd 


Ordering Information 


Part Number Access Time (max) Package 
uUPD28C256CZ-20 200 ns 28-pin plastic DIP 
CZ-25 250 ns 


60073 


Pin Configuration 


28-Pin Plastic DIP 


Pin Identification 
Symbol 

Ag - A14 

Oo - YO7 

CE 

OE 

WE 

GND 

Veo 


© 
Ye) 
N 
2 
at 
=) 
a 
= 





B3IH-O001A 


Function 

Address inputs 

Data inputs and outputs 
Chip enable 

Output enable 

Write enable 

Ground 


+5-volt power supply 
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Absolute Maximum Ratings 





Supply voltage, Voc -0.6 to +7.0V 
Input voltage, Viy -0.6 toVeco + 03 V 
Input voltage (Ag) -0.6 to +13.5V 
Output voltage, Vout ~0.6 to +7.0V 
Operating temperature, Topr -10 to + 85°C 


Storage temperature, Tstg —65 to + 125°C 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 











Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 Vv 
Input voltage, high Vin 2.0 Vecot+ 03 V 
Input voltage, low Vit -0.3 0.8 Vv 
Operating temperature Ta, 0 70 °C 





Block Diagram 


Contro! Logic 
and 
Timing Circuits 


Y-Decoder 


Address 
Latches/Buffers 


X-Decoder 


Address 
Latches/Buffers 
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Capacitance 
Ta = 25°C; f = 1 MHz; Viy and Vout = OV 


Parameter Symbol Min Typ Max Unit 
Input capacitance C 12 pF 
Output capacitance Co 10 pF 
Truth Table 
Function CE OE WE Input/Output lec 
Read Vit Vit Vin Dout Active 
Standby and Vin X X High-Z Standby 
write inhibit 
Write Vit Vin VIL Din Active 
Write Inhibit X VIL xX _ _ 

X X Vin 
Notes: 


(1) X can be either Vi, or Vip. 


VOg VO, VOp VO3z VO4 VOx VOg VO7 


VO Buffers/ 
Data Latch 


Y-Gating 


262,144-Bit 
Memory Cell Array 


83IH-6892B 
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DC Characteristics 
Tr = Oto +70°C; Vog = +5.0V + 10% 


Unit 


uA 


LA 
mA 
mA 
mA 
HA 


Unit 


ns 
ns 
ns 
ns 


ns 


ms 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
us 
ms 
ms 
ns 


ns 


pPD28C256 


Test Conditions 
lon = -400 uA 
lon = —100 pA 
lo. = 2.1 mA 


Vout =_0V to Vee; 
CE or OE = Vin 


Vin = OV toVoco 


CE = Vit; Vin = Vin 


I} fal} a 
HW 
< 


IH 
E= Voc; Vin = OV toVec 


i?) 


Test Conditions 


all all Sl] Sl} al 
I 
< 
[~— 





Parameter Symbol Min Typ Max 
Output voltage, high Vou 2.4 

VoH2 Voco-0.7 
Output voltage, low VoL 0.45 
Output leakage current lLo -10 10 
Input leakage current li -10 10 
Voc current (active) locat 20 

loca2 50 = 5MHz; lour = OmA 
Voc current (standby) locsi 1 

locos 100 
AC Characteristics 
Ta = Oto +70°C; Vog = +5.0V + 10% 

pPD28C 256-20 pPD28C256-25 

Parameter Symbol Min Max Min Max 
Read Operation 
Address to output delay tace 200 250 OE 
CE to output delay toe 200 250 
SE to output delay tog 10 75 10 100 
OE or CE high to output float tor 9) 60 fe) 80 OE 
Output hold from address, tou 
OE or CE, whichever 
transition occurs first 
Write Operation 
Write cycle time two 10 10 
Address setup time tas 10 10 
Address hold time tan 200 _ 200 
Write setup time tos ie) 0 
Write hold time ton 0 0 
CE pulse width tow 150 150 
GE high setup time toes 10 10 
OE high hold time toEH 50 50 
WE pulse width twp 150 150 
WE high pulse width twey 2 2 
WE high hold time tWEH 9.9 9.9 
CE high hold time tceH 9.9 9.9 
Data setup time tps 100 100 
Data hold time tou 50 50 
Byte load cycle time tBic 3 100 3 100 


ys 
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AC Characteristics (cont) 





pPD28C256-20 nPD28C256-25 
Parameter Symbol Min Max Min Max Unit Test Conditions 
Software Chip Erase Operation . 
CE setup time tecs 500 500 ns 
WE pulse width tewp 10 10 ms 
CE hold time tECH 20 20 us 





Notes: 


(1) See figure 1 for the output load. Input rise and fall times < 20 ns; 
input pulse levels = 0.45 and 2.4V; timing measurement refer- 
ence levels = 0.8 and 2.0 V for both inputs and outputs. 


Figure1. Output Load 
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Read Cycles 


Both CE and OE must be at V, to enable stored data to 
be read. While the device is executing read cycles, 
bringing either of these inputs to Vjy will place the 
outputs in high impedance. This two-line output con- 
tro! allows bus contention to be eliminated in the 
system application. 


Byte Write Cycles 


Low levels on CE and WE and a high level on OE place 
the uPD28C 256 in write operation. Write address inputs 
are latched by the falling edge of either CE or WE, 
whichever occurs later. Data inputs are latched by the 
rising edge of either CE or WE, whichever occurs 
earlier. Once byte write operation has begun, the inter- 
nal circuits assume all timing control and the byte 
being addressed is automatically erased and then 
programmed within the write cycle time (two) of 10 ms. 


Page Write Cycles — 


This option allows the uPD28C256 to be completely 
programmed in a much shorter time than is required by 
byte write cycles. Page write cycles can program up to 
64 bytes simultaneously, enabling the uPD28C. 256 to be 
completely written within a maximum of 5.2 seconds. 
The page address is specified by the inputs Ag through 
Ay4; once set, this address cannot be changed. Within 
the page, address inputs Ap through As can be used 
sequentially or in random order to specify individual 
bytes. 


The beginning of a page write cycle is the same as a 
WE-controlled byte write cycle. If the next falling edge 
of WE occurs within a byte load cycle time of 100 ys, the 
internal byte register will be loaded with another byte of 
input data. This cycle can be repeated to load a maxi- 
mum of 64 bytes of data. At any point in the sequence, 
if WE does not have a new falling edge within the cycle 
time of 100 ys, byte loading will terminate and auto- 
matic erasing and programming operations will begin: 


pPD28C256 


DATA Polling Feature 


This feature supports system software by indicating the 
precise end of byte write and page write cycles. DATA 
polling can be used to reduce total programming time 
of the uPD28C 256 to a minimum value, which varies 
with the system environment. 


While internal automatic write operation is in progress, 
any attempt to read data at the last externally supplied 
address location will result in inverted data on pin |/O7 
(for example, if write data = 1xxx xxxx, then read data 
= OXxX Xxxx). Once the write cycle is complete, a read 
cycle will result in true data being output on I/O7. 


Toggle Bit Feature 


The feature provides another method for indicating the 
end of write cycles. During the internal automatic write 
operation, |I/Og will toggle from 0 to 1 and back on 
successive attempts to read data. When the write cycle 
is complete, the toggling stops; a read cycle results in 
true data being output on I/Og (figure 2). 


Hardware Data Protection 


The pPD28C256 provides three features to prevent 
invalid write cycles: 


@ Noise immunity, where write dpeiation is inhibited 
when the WE pulse width is 20 ns or less. 

e Supply voltage level detection, where write opera- 
tion is inhibited when Vcc is 2.5 V or less. 

¢ Write protection logic, where write operation is in- 
hibited if OE is held low or CE or WE is held high 
during power on or off of the Voc supply voltage. 
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Figure 2. Data Polling and Toggle Bit Operation 





Last External Internal Write 
Write : 


Operation 
Cycle Complete 


H \ L L L L L L H 
a a kn) le Sons ag Ce) rr) le en ag ins 


$ 
L L fu \ L [Ru \ L 
Vg (Input) /“ ~ "\(Output) /~ — ~~ (Output) —  ~\ (Output) ~~ (Output) 7~—— —" (Quiput) — — (Output) /~ — 
5 


: ; j 


Notes: 


[1] The dashed portions of the output waveforms indicate high impedance. 
[2] Address n is the address supplied in the last external write cycle. 





83vG-6752B 
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Software Data Protection 


Additional protection of data is available using soft- 
ware contro]. Standard, unprotected write cycles are 
illustrated in the timing waveforms. Additional 
software-controlled protection is enabled or reset with 
two special sequences of write cycles. To enable soft- 
ware data protection, or to execute additional write 
cycles after the uPD28C 256 is in a protected state, use 
the address and data sequence shown in table 1. All 
three byte write cycles must be issued in sequence and 
must meet the timing illustrated in figure 3. 


puPD28C256 
Table 1. Sequence to Enable Software Data 
Protection 
Address input (Hex) Write Data (Hex) 
5555H AAH 
2AAAH 55H 
5555H AOH 


Under software protection, no write cycles will be 
executed unless preceded by the above sequence. The 
protection circuit is nonvolatile and continues to pro- 
tect the data during power-down and power-up. 


Figure 3. Sequence to Initiate or Continue Software Data Protection 


Valid Write 
wm X= Xe XXX) 


Valid Write 


Page Write Cycles 


Notes: 


[1] The software sequence is complete at the end of the first t yo following 


all of the page write data inputs (from one to 64 bytes). 
[2] OE is held at a high level. 





aa 
i 


———a- 
Software 
Protection 
Enabled 
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To disable software protection for ease in testing or 
reprogramming of the uPD28C256, the byte reset se- 
quence shown in table 2 must be issued. The timing is 
illustrated in figure 4. 


Table 2. Sequence to Disable Software Data 


At the end of this sequence, and after a minimum delay 
Of two to reset the nonvolatile protection circuit, the 
uUPD28C256 is in an unprotected state. Any standard 
write cycle can be executed as desired. In this state, 
the hardware features provide all data protection. 


Protection 

Address Input (Hex) Write Data (Hex) 

5555H AAH 

2AAAH 55H 

5555H 80H 

5555H AAH 

2AAAH ; 55H 

5555H | 20H 

Figure 4. Reset Sequence for Software Data Protection 


Software 
Protection 
Inactive 


Notes: 


[1] The software sequence is complete at the end of the first t wo following 


all of the page write data inputs (from one to 64 bytes). 
[2] OE is held at a high level. 
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Software Chip Erase Feature Table 3. Sequence to Set Up Software Chip .- 
rase 
All b e uPD28C256 ca ased simulta- 
ee Gy faa CE and then WE fall te Vi using the So Ee abet 
address and data sequence shown in table 3. The 55554 ied 
required timing is illustrated in figure 5. 2AAAH 55H 
5555H 80H 
5555H AAH 
2AAAH 55H 
5555H 10H 


Figure 5. Sequence for Software Chip Erase 


L 


wy y 
aA) 


Address 


[1] The software sequence is complete at the end of tecH following the 
special address and data sequence and the erase pulse on WE. 


[2] OE must be held at a high level. 





83YL-7314B 
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Timing Waveforms 





Read Cycle 


Address Valid 


tDF 
tacc [Note 2] 
{Note 1] 


High Impedance High Impedance 


Notes: 

[1] OE may be delayed for read operation up to tacc— tog, after the falling 
edge of CE, without impact on tacc.- 

[2] tor is specified from OE or CE, whichever occurs first. 

[3] WE = Vin. 
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Timing Waveforms (cont) 





WE-Controlled Write Cycle 


vo 
DIN 


vO High Impedance 
DouT 


Notes: 

[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

[2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at Vit: 
Parameters typ and tow are defined only for the period when both 
CE and WE are at V1, . 
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Timing Waveforms (cont) 


CE-Controlled Write Cycle 


; ome 







Address 


[Note 3] 


OO 


aN AN A AN a a a 0 a Wo. s,s a a 


vo High Impedance 





Dout 


Notes: 

[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

[2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at Vj,. 
Parameters twp and tcyware defined only for the period when both 
CE and WE are at Vi,_. 
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E , pPD28C256 


Timing Waveforms (cont) 





Page Write Cycle 


4-4 


= \ MD I TL, 


rates OK men XXX COOK vor KX OX { wore) ) 4) [Note 5] SGD a8. YTD aE 


Valid Valid Valid , 
[Byte 0] [Byte 1] [Last Byte] 
Notes: 


[1] The address inputs are latched at the falling edge of CE or WE, [4] The page cannot be changed in the middle of a page 
whichever occurs later. write cycle. Address inputs Ag—A44 must be supplied for 

[2] The data inputs are latched at the rising edge of CE or WE, every byte load cycle and must remain the same throughout 
whichever occurs earlier. the page write cycle to prevent writing to an unknown 

address location. Address inputs Ag — Ag are altered for each 


[3] Write operation requires both CE and WE to be at Vy. b ; Acne 
; : yte load cycle and determine the individual byte to be 
Parameters typ and tcyware defined only for the period when both written within the page. 


CE and WE are at Vj . 
. A maximum of 64 bytes may be loaded ina single page 
write cycle. 
831H--6895B 
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NEC 


Mask-Programmable ROMs 


Mask-Programmable ROMs 


Section 11 
Mask-Programmable ROMs 


pPD23C1000A 
131,072 x 8-Bit 
Mask-Programmable CMOS ROM 


pPD23C1000EA 
131,072 x 8-Bit 
Mask-Programmable CMOS ROM 


pPD23C1001E 
131,072 x 8-Bit 
Mask-Programmable CMOS ROM 


uPD23C1010A 
131,072 x 8-Bit 
Mask-Programmable CMOS ROM 


pPD23C1024E 
65,536 x 16-Bit 
Mask-Programmable CMOS ROM 


p»PD23C2000 
2,097,152-Bit Mask-Programmable CMOS ROM 


pPD23C2000A 

2,097,152-Bit 
Mask-Programmable CMOS ROM 
»PD23C 2001 


262,144 x 8-Bit 
Mask-Programmable CMOS ROM 


Additional New Product Information 


Device Number Description 
Mask-Programmable ROMs 

pPD23C2001E 256K x 8 bits 
uPD23C4001EA 512K x 8 bits 
uPD23HC4001E 512K x 8 bits 


11-1 


11-5 


11-9 


11-13 


11-17 


11-21 


11-25 


11-29 


pPD23C 4000 
4,194,304-Bit 
Mask-Programmable CMOS ROM 


pPD23C4000A 
4,194,304-Bit 
Mask-Programmable CMOS ROM 


pPD23C 4001E 
524,288 x 8-Bit 
Mask-Programmable CMOS ROM 


pPD23C 8000 

8,388,608-Bit 
Mask-Programmable CMOS ROM 
pPD23C 8001E 
1,048,576 x 8-Bit 
Mask-Programmable CMOS ROM 
pPD23C16000 

16,777,216-Bit 
Mask-Programmable CMOS ROM 


Application Note 90-05 
ROM Code Submission Guide 


Comments 


NEC 
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New device, with speed of 200 ns 


New speed of 200 ns 


New device, with speed of 100 ns 


NEC 


NEC Electronics Inc. 


Description 


The pPD23C1000A is a 131,072-word by 8-bit static ROM 
fabricated with CMOS silicon-gate technology and 
designed to operate from a single +5-volt power supply. 
The device has three-state outputs and fully TTL- 
compatible inputs and outputs, and is available in 28-pin 
plastic DIP or miniflat packaging. 


Features 


© 131,072-word by 8-bit organization 
TTL-compatible inputs and outputs 
Three-state outputs 

Single +5-volt power supply 
CMOS process technology 

Fully static operation 

Low power dissipation 

— 220 mW (active) 

— 550 nW (standby) 


ooooaoo 


Ordering Information 

Part Number Access Time (max) Package 
pPD23C1000AC 200 ns 28-pin plastic DIP 
pPD23C1000AG 200 ns 28-pin plastic miniflat 





pPD23C1000A 
131,072 x 8-Bit 
Mask-Programmable CMOS ROM 


Pin Configuration 


28-Pin Plastic DIP or Miniflat 


3 
Qo 
oO 
Dod 
O 
Q 
Q 
oO 
a 





Pin Identification 

Symbol Function 

Ao- Aig Address Inputs 

Oo - O7 Data outputs 

CE Chip enable 

GND Ground 

Voc +5-volt power supply 





pPD23C1000A NE Cc 





Absolute Maximum Ratings Recommended Operating Conditions 

Supply voltage, Voc -0.3to +7.0V Parameter Symbol Min Typ Max Unit 
Input voltage, V, -0.3VtoVoo + 0.3V Input voltage, high Vin 2.2 Voo +03 = =V 
Output voltage, Vo ~0.3VtoVog +0.3V Input voltage, low Vit -0.3 0.8 Vv 
Operating temperature, Topa -10to +70°C = Supply voltage Vec 45 50 5.5 Vv 
Storage temperature, Tstq -65to +150°C § Ambienttemperature Ta, -10 70 °C 





Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 
Ta = 25°C; f = 1MHz 


Parameter Symbol Min Typ Max Unit 





Input capacitance C 15 pF 
Output capacitance Co 15 pF 
Block Diagram 


Op 01 Op Og O4 5 Og 07 


Output Buffer 


Memory Cell Matrix Buffer/Clock 
131,072 x8 Generator 
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G 
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S 
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3S 
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X-Decoder 
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NV. E Cc HPD23C1000A 


DC Characteristics 
Ta = -10 to +70°C; Voc = +5.0V +10% 








Parameter Symbol! Min Typ Max Unit Test Conditions 
Output voltage, high Vou 2.4 Vv lon = -400 pA 
Output voltage, low VoL 0.4 Vv lo. = +2.5mA 
Input leakage current Iu -10 10 pA v= OVto Voc 
Output leakage current ILo -10 10 pA Vo = OV to Voc; chip deselected 
Power supply current loc1 40 mA CE = Vit 
loce 1.5 mA CE = Viy (standby) 
locg 100 pA SE = Voc -0.2 (standby) 





AC Characteristics 
Ta = -10 to +70°C; Voc = +5.0V +10% (Note 1) 











Parameter Symbol Min Typ Max Unit Test Conditions 
Address access time tacc 200 ns 

Chip enable access time toe 200 ns 

Output hold time ton 0 ns 

Output disable time tog 0 60 ns 

Notes: 


(1) Input voltage rise and falltimes = 20 ns; input and output timing 
reference levels = 0.8 and 2.0 V; output load = 1 TTL +100 pF. 
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HPD23C 1000A 


NEC 





Timing Waveform 


Address 


High Impedance 


Output 





NEC 


NEC Electronics Inc. 


uPD23C1000EA 
131,072 x 8-Bit 
Mask-Programmable CMOS ROM 





Description 


The »PD23C1000EA is a 131,072-word by 8-bit static 
ROM fabricated with CMOS silicon-gate technology. 
Designed to operate from a single +5-volt power supply, 
the device has three-state outputs and fully TTL- 
compatible inputs and outputs, and is packaged in a 
600-mil, 32-pin plastic DIP. 


Features 


131,072-word by 8-bit organization 
Fast access time of 200 ns maximum 
TTL-compatible inputs and outputs 
Three-state outputs 

Single +5-volt power supply 

CMOS process technology 

Fully static operation 

Low power dissipation 

— 220 mW (active) 

— 550 pW (standby) 


boaonundaaaad 


Ordering Information 
Part Number 
#PD23C1000EAC 


Access Time (max) 
200 ns 


Package 
32-pin plastic DIP 


60044 


Pin Configuration 
32-Pin Plastic DIP 


Voc 
OE2/OE9/ DC 
OE3/OE3/DC 
A414 
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Pin Identification 


Symbol Function 

Ag - Ae Address inputs 

Oo - O7 Data outputs 

CE Chip enable 

OF, Output enable 1 
OE2/OE/DC Output enable 2 (Note 1) 
OE,/OE3/DC Output enable 3 (Note 1) 
GND Ground 

Voc +5-volt power supply 
NC No connection 

Notes: 


(1) This pin is user-definable as active low, active high, or “don't 
care” (in the cases of OE2/OE2/DC and OE3/OE3/DC). 





HPD23C1000EA 


NEC 





Absolute Maximum Ratings 
Supply voltage, Voc 





-0.3 to +7.0V 

-0.3V to Vog + 0.3V 
-0.3V to Vog + 0.3V 
~10 to +70°C 

~65 to + 150°C 


Input voltage, V, 

Output voltage, Vo 
Operating temperature, Topr 
Storage temperature, Torq 
Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 


damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.2 Voc +03 #V 
Input voltage, low Vit -0.3 0.8 Vv 
Supply voltage Voc 45 5.0 5.5 Vv 
Ambient temperature Ta, -10 70 °C 


Block Diagram 




















Capacitance 

Ta = 25°C; f = 1 MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance C; 15 pF 
Output capacitance Co ; 15 pF 
Truth Table 

CE OF, OE,/0E/DC 6E,/OEs/DC Outputs Function 
Vin X X X High-Z Standby 
Viiv Vin Xx Xx High-Z Active 
Vit xX | X High-Z Active 
Vit Xx Xx J High-Z Active 
Vie Vit A A Dout Read 
Notes: 

(1) 1 = Inactive 

(2) A = Active 


(8) X = “don't care” 


Op 0; O2 O3 O4 O5 Og O7 


Y-Decoder 
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Memory Cell Matrix 
131,072 x8 


Output Buffer 


Y-Selector 


OE Input 
Buffer 


CE Input 
Buffer 
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DC Characteristics 
Ta = -10 to +70°C; Voc = +5.0V +10% 











Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high . Vou 2.4 Vv lon = —400 pA 
Output voltage, low VoL 0.4 Vv lo. = +2.5mA 
Input leakage current ley -10 10 pA Vi=O0VtoVcc 
Output leakage current lLo ~-10 10 pA Vo = 0V to Voc; outputs disabled 
Power supply current lect 40 mA CE = Vi, (active) 
loce 1.5 mA CE = Vix (standby) 
loc3 100 pA CE = Voc - 0.2 V (standby) 


AC Characteristics 
Ta = -10 to +70°C; Vog = +5.0 V 10% (Note 1) 











Parameter Symbol Min Typ Max Unit Test Conditions 
Address access time tacc 200 ns 

Chip enable access time tce 200 ns 

Output enable access time tog 100 ns 

Output hold time ton 0 ns 

Output disable time tor 0 60 ns 

Notes: 


(1) Input voltage rise and fall times = 20 ns; input and output timing 
' reference levels = 0.8 and 2.0 V; output load = 1 TTL +100 pF. 
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Timing Waveform 


Address . Address Valid . 


~t— tp F 
{Note 1] 


High Impedance - [//F - Data Vali *\\} 
Wk 77 


Notes: 
[1] tris specified from OE or CE, whichever becomes inactive first. 





83IH-6210B 


NEC 


NEC Electronics Inc. 


Description 


The »PD23C1001E is a 131,072-word by 8-bit static ROM 
fabricated with CMOS silicon-gate technology and de- 
signed to operate from a single +5-volt power supply. 
The device has three-state outputs and fully TTL- 
compatible inputs and outputs, and is packaged in a 
600-mil, 32-pin plastic DIP. 


Features 


131,072-word by 8-bit organization 
Fast access time of 200 ns maximum 
TTL-compatible inputs and outputs 
Three-state outputs 

Single +5-volt power supply 

CMOS process technology 

Fully static operation 

Low power dissipation 

— 220 mW (active) 

— 550 nW (standby) 


go0on00oana ag0d 


Ordering Information 
Part Number Access Time (max) 
#PD23C 1001 EC 200 ns 


Package 
32-pin plastic DIP 


60045 


pPD23C1001E 
131,072 x 8-Bit 
Mask-Programmable CMOS ROM 


Pin Configuration 
32-Pin Plastic DIP 


LW 
= 
=) 
6 
= 
Q 
ie} 
ix 
Q 
a 
= 





831H-6213A 


Pin Identification 


Symbol Function 

Ao - Aig. Address inputs 

Oo - O7 Data outputs 

CE Chip enable 
OE,/OE,/DC Output enable 1 (Note 1) 
GE2/OE2/DC Output enable 2 (Note 1) 
OE3 Output enable 3 

GND Ground 

Voc +5-volt power supply 
NC No connection 

Notes: 


(1) This pin is user-detinable as active low, active high, or “don't 
care” (in the cases of OE4/OE,4/DC and OE2/OE2/DC). 
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Absolute Maximum Ratings Capacitance 

Ta = 25°C; f = 1 MHz 
Supply voltage, Voc -0.3 to +7.0V 
Input voltage, V; ~0.3V to Vog + 0.3V Parameter Symbol Min Typ Max Unit 
Output voltage, Vo SesVioVec cosy. - euecepeiaee = 6, on) 
Operating temperature, Topp ~10 to +70°C Outp im cepecitencs: So 6 pF 
Storage temperature, Teta ~65 to + 150°C 
ee ee” Ue Le 





Exposure to Absolute Maximum Ratings for extended periods may 


affect device reliability; exceedingthe ratings could cause permanent CE  OE;/OE/DC OE/OE/DC OE; Outputs Function 














damage. The device should be operated within the limits specified = Vi X X X, High-Z Standby 
under DC and AC Characteristics. “wo UOCOK”~OC”CWIGReZ CAV 
Recommended Operating Conditions Vit _X X _High-Z__— Active 
Parameter Symbol Min Typ Max Unit Mit x X Vin -High-Z_~—Ss Active 
Input voltage, high = Viy 22 Veoe+o3 v Mit A A Vic. Dour Read 
Inputvoltage, low Vy, 03. O08 Vv _ Notes: 

Supply voltage Ss Vog—(itiSCOSC«*SSSC“<«‘S:*C*«SA?Y;~N' = Inactive 
Ambienttemperature Ta -10 70 G (2) A= Active 


(8) X = “don't care” 
Block Diagram 
Op 0; Og Og O4 O5 Og O7 


Output Buffer 


Y-Selector 


Y-Decoder 


. OE Input 


Memory Cell Matrix Buffer 
131,072 x8 


Address Input Buffers 


3 
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9° 
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CE Input 
Buffer 


of 
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DC Characteristics 
Ta = -10 to +70°C; Vog = +5.0V +10% 





Parameter Symbot Min Typ Max Unit Test Conditions 
Output voltage, high Von 2.4 Vv lon = -400 pA 
Output voltage, low VoL 0.4 Vv lo. = +2.5mA 
Input leakage current lu -10 10 pA Y= OVto Voc 
Output leakage current lLo -10 10 pA Vo = 0V to Voc; outputs disabled 
Power supply current lect 40 mA CE = Vit (active) 
loca 1.5 mA CE = Viy (standby) 
loes 100 pA CE 2 Voc - 0.2 V (standby) 





AC Characteristics 
Ta = -10 to +70°C; Vog = +5.0V +10% (Note 1) 

















Parameter Symbol Min Typ Max Unit Test Conditions 
Address access time tacc 200 ns 

Chip enable access time toe 200 ns 

Output enable access time tog 100 ns 

Output hold time tou 0 ns 

Output disable time tor 0 60 ns 

Notes: 


(1) Input voltage rise and fall times = 20 ns; input and output timing 
reference levels = 0.8 and 2.0 V; output load = 1 TTL +100 pF. 
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pPD23C1001E NE C 


Timing Waveform 





Address i Address Valid 


t—-tDF 
[Note 1] 


Output a cit! Data Valid hs 


Notes: 





[1] tppis specified from OE or CE, whichever becomes inactive first. 
j 83!H-621 0B 
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p#PD23C1010A 
KE 131,072 x 8-Bit 


NEC Electronics Inc. Mask-Programmable CMOS ROM 


Description Pin Configuration 


The »PD23C1010A is a 1,048,576-bit ROM fabricated with  29.pin Plastic DIP 
CMOS silicon-gate technology. The device is static in 
operation and organized as 131,072 words by 8 bits. It 
has three-state outputs, fully TTL-compatible inputs and 
outputs, and is available in a 28-pin plastic DIP . 


Features 


131,072 words by 8-bit organization 
Fast access time 

TTL-compatible inputs and outputs 
Three-state outputs 

Single +5-volt power supply 
CMOS technology 

Fully static operation 

Low power dissipation of 220 mW 
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Ordering Information 


Address Output Enable Pin Identification 
Access Time Access Time 

Part Number (max) (max) Package Symbol _femetion 

wPD23C1010AC 200 ns 100ns -28-pin plastic DIP. = Ao Ate Address inputs 
Oo - O7 Data outputs 
OE Output enable 
GND Ground 
Voc +5-volt power supply 
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Absolute Maximum Ratings Recommended Operating Conditions 

Supply voltage, Voc -0.3 to +7.0V Parameter Symbol Min Typ Max Unit 
Input voltage, V, ~0.3V to Vog + 0.3 V Input voltage, high Vin 2.2 Voo +03 #V 
Output voltage, Vo ~0.3V to Vog + 03V Input voltage, low Vit -0.3 0.8 Vv 
Operating temperature, Topr -10 to +70°C Supply voltage - Voc 45° 5.0 5.5 Vv 
Storage temperature, Tstg ~65 to +150°C Ambient temperature Ta ~10 70 °C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 

Ta = 25°C; f = 1 MHz 
Parameter Symbol Min Typ Max Unit 
Input capacitance C, 15 pF 
Output capacitance Co 15 pF 


Block Diagram 
O 9% O o8 % O5 


Output Buffer 


Y-Selector 


Memory Cell Matrix 
131,072 x8 
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NEC 


DC Characteristics 


Ta = -10 to +70°C; Vog = +5.0V 10% 


pPD23C1010A 





Parameter Symbol! Min Typ Max Unit Test Conditions 

Output voltage, high Vou 2.4 Vv lon = —400 pA 

Output voltage, low VoL 0.4 Vv lo. = +2.5mA 

Input leakage current, high ILIn 10 pA V = Voc 

Input leakage current, low loi -10 pA V=0V 

Output leakage current, high ILoH 10 BA Vo = Voc; output disabled 
Output leakage current, low ILoL -10 pA Vo = OV; output disabled 
Power supply current loci 40 mA 

AC Characteristics 

Ta = -10 to +70°C; Voc = +5.0V +10% 

Parameter Symbol Min Typ Max Unit Test Conditions 

Address access time tacc 200 ns 

Output enable access time toe 100 ns 

Output hold time ton ns 

Output disable time tor 0 60 ns 


Notes: 


(1) Input voltage rise and falltimes = 20 ns; input and output timing 
reference levels = 0.8 and 2.0 V; output load = 1 TTL + 100 pF. 
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nPD23C1010A NEC 


Timing Waveform 


Address 


High Impedance 


Output 
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uPD23C1024E 
NE C 65,536 x 16-Bit 


NEC Electronics Inc. Mask-Programmable CMOS ROM 


Description Pin Configuration 


The uPD23C1024E is a 65,536-word by 16-bit mask- 49-pjn Plastic DIP 
programmable ROM fabricated with CMOS silicon-gate 
technology and designed to operate from a single 


v 
+ 5-volt power supply. The device has three-state out- cE CECE oC 
puts and fully TTL-compatible inputs and outputs, and OEs/OEs/DC 
is packaged in a 600-mil, 40-pin plastic DIP. A4s 

A14 
Features . : Ai3 


A12 


65,536-word by 16-bit organization Ada 


Fast access time: 200 ns maximum 
TTL-compatible inputs and outputs 
Three-state outputs 

Single + 5-volt power supply 
CMOS process technology 

Fully static operation 

Low power dissipation 
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Ordering Information 
Part Number Access Time (max) Package 
uPD23C1024EC 200 ns 40-pin plastic DIP 





831H-6073A 


Pin Identification 


Symbol Function 

Ao - Ais Address inputs 

Oo - O45 Data outputs 

CE, Chip enable 1 
CE2/CE,/DC Chip enable 2 (Note 1) 
OE,/OE, Output enable 1 
OE2/OE/DC Output enable 2 (Note 1) 
GND Ground 

Voc +5-volt power supply 
NC No connection 

Notes: 


(1) This pin is user-definable as active low, active high, or “don't 
care.” 
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Absolute Maximum Ratings Capacitance 

Supply voltage, Voc ~0.3 to +7.0V Ty 2G Sn 1 Mie 

Input voltage, V; -O8VioVeo togv . Pafemeter Symbot: Win Typ Max Unit 

Output voltage, Vo mOS VioVec-+0s vy" - SRUbCaReCt NOR 7 Cho ee 

Operating temperature, Topr ~10 to +70°C Output Capecitanncs Co 15 pF 

Storage temperature, Tsta ~65 to +150°C ‘ oe 

nnn Recommended Operating Conditions 

Exposure to Absolute Maximum Ratings for extended periods may P t Symbol MI 7 Mi Unit 

affect device reliability; exceeding the ratings could cause permanent cP al ec 5 AP PRR 

damage. The device should be operated within the limits specified Input voltage, high = Ving 2.2 Voc + 03 V 

under DG and AC Characteristics. Input voltage, low Vi -0.3 08 V 
Supply voltage Voc 4.5 5.0 5.5 Vv 
Ambient Ta -10 70 °C 
temperature 


Block Diagram 


O9 O01 Og Og O4 O5 OG 97 Og Og 949044 942943944015 


Output Buffer 
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Memory Cell Matrix 
63,536 x 16 


Address Input Buffer 


X-Decoder 


CE Input Buffer 


831H-6074B. 
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Truth Table 

CE CEs OE, OE, Funciion Outputs loc 
Vin xX X Xx Not Selected High-Z Standby 
xX Inactive x xX Not Selected High-Z Standby 
VIL Active Inactive Xx Selected High-Z Active 
Vit Active Xx Inactive Selected High-Z Active 
ViL Active Active Active Read Data Output Active 
Notes: 


(1) X = dont care. 


DC Characteristics 

Ta = -10 to +70°C; Veg = +5.0 V +10% 

Parameter Symbol Min Max Unit Test Conditions 

Output voltage, high Von 24 Vv low = —400 pA 

Output voltage, low VoL 0.4 Vv lo. = +2.5 mA 

Input leakage current la ~10 10 pA Vi = OVto Voc 

Output leakage current ILo -10 10 pA Vo = 0Vto Voc (chip deselected) 

Power supply current loci 40 mA CE, = Vii; CEp = active (chip selected) 
loce 15 mA CE, = Vin or CEp = inactive (chip deselected) 
locos 100 pA CE; = Voc — 0.2 V; CEp = 0.2 V (if CEp is 


programmed active high) or CEg = Voo-0.2 V 
(if CEs is programmed active low) 





AC Characteristics 





Ta = -10 to +70°C; Vog = +5.0 V +10% 

Parameter Symbol Min Max Unit Test Conditions 
Address access time tacc 200 ns 

Chip enable access time tce 200 ns 

Output enable access time toe 100 ns 

Output hold time ton 0 ns 

Output disable time tor 0 70 ns 

Notes: 


(1) Input voltage rise and fall times = 20 ns; input and output timing 
reference levels = 0.8 V and 2.0 V; output load = 1 TTL +100 pF. 
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Timing Waveform 


Address Address Valid 


Inactive CE, and CE2 Active Inactive 


= 
Inactive OE, and OE9 Active Inactive 


= 


meres __(Qq ms 
Output v\\\ 4 ae LT TH 


Notes: 
(1] tpFis specified from CE, CE 9, OE;, OE, whichever goes inactive first. 
[2] tog is specified from CE, or CEp, whichever goes active last. 
[3] togis specified from OE, or OE, whichever goes active last. 
5 83IH-6075B 
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NEC Electronics Inc. 


Description 


The »PD23C2000 is a 2,097,152-bit ROM fabricated with 
CMOS silicon-gate technology. The device is static in 
operation and can be organized as 131,072 words by 16 
bits (word configuration) or as 262,144 words by 8 bits 
(byte configuration). In word configuration, pins 09 — 045 
are active. In byte configuration, pin 045/A_; becomes 
the additional bit required to address 256K bytes. 


The pPD23C2000 has three-state outputs, fully TTL- 
compatible inputs and outputs, and an output enable pin 
which is mask-programmable and can be specified as 
active low, active high, or don't care. The choice between 


word or byte configuration must also be specified for 


mask programming. 


The »PD23C2000 is available in 40-pin plastic DIP or 
52-pin plastic quad flatpack packaging. 


Features 


QO Programmable organization 

— 131,072 words by 16 bits (word) 

— 262,144 words by 8 bits (byte) 
Fast access time of 250 ns maximum 
TTL-compatible inputs and outputs 
Three-state outputs 

Single +5-volt power supply 

CMOS technology 

Fully static operation 

Low power dissipation 

— 220 mW (active) 

— 550 pW (standby) 

© 40-pin plastic DIP or 52-pin plastic QFP packaging 


oooa0o0o a 


Ordering Information 


Power 
Apbete Consumption (max) 
Part Number Time (max) Active Standby Package 
»PD23C 2000C 250 ns 40mA 100 nA 40-pin 
plastic DIP 
wPD23C2000GC =—s_- 250 ns 40mA 1004A  52-pin 
plastic QFP 


60041 





pPD23C2000 
2,097,152-Bit 
Mask-Programmable CMOS ROM 


Pin Configurations 


40-Pin Plastic DIP 
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NEC 





Absolute Maximum Ratings 
Supply voltage, Voc -0.3 to +7.0V 
‘0.3 V to Vog + 0.3V 

" -0.3V to Veg +.0.3V 
-10 to +70°C 


-65 to + 150°C 


Input voltage, V, 

Output voltage, Vo 
Operating temperature, Top 
Storage temperature, Tstg 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 

Ta = 25°C; f = 1 MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance C 10 ~—sopF 
Output capacitance Co 15 pF 
Truth Table 

CE OE Function Output lec 
Vin Don't Care Not Selected High-Z Standby 
Vit Inactive Not Selected High-Z Active 
Vit Active Read Dout Active 


Block Diagram 
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131,072 x 16 


Pin Identification 


Symbol Function 

Ao - Aig Address inputs 

Oo - 044 Data outputs 

Oys/A~4 Output 15 (word)/LSB address (byte) 


CE Chip enable 


OE/OE/DC Output enable (Note 1) 
GND Ground 

Voc +5-volt power supply 
NC i No connection 

Notes: 


(1) This pinis user-definable as active low, active high, or don't care. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 


Input voltage, high Vin 2.2 Voc + 0.3 Vv 
Supply voltage Voc 45 5.0 5.5 Vv 
Ambient temperature Ta, -10 70 °C 


Output Buffer 


Y-Selector 


Buffer Logic 


Memory Cell Matrix 
262,144x8 


Input Buffer. 


831H-6201B 





NEC 


DC Characteristics 
Ta = -10 to +70°C; Vocg = +5.0V +10% 


Parameter Symbol 
Output voltage, high Vou 
Output voltage, low VoL 
Input leakage current tu 
Output leakage current lLo 
Power supply current Ioc1 

loc 

Ices 
AC Characteristics 
Ta = -10 to +70°C; Vog = +5.0V +10% 
Parameter Symbol 
Address access time tacc 
Chip enable access time tce 
Output enable access time toe 
Output hoid time ton 
Output disable time toe 
Notes: 


Min 
2.4 


-10 
-10 


Typ 


Typ 


(1) Input voltage rise and fall times = 20 ns; input and output timing 
reference levels = 0.8 and 2.0 V; output load = 1 TTL +100 pF. 


Max 


0.4 
10 
10 
40 
1.5 
100 


Max 
250 
250 
110 


70 


Unit 


pA 
pA 
mA 
mA 
pA 


Unit 
ns. 
ns 
ns 
ns 


ns 


pPD23C2000 


Test Conditions 


Vi= OVtoVoc 


CE = Vip (standby) 
E = Voc — 0.2 V (standby) 


Test Conditions 
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pPD23C2000 ix 





Timing Waveform 


Address 


oe ae mm 


Notes: 


[1] tpg is specified.from.OE or CE, whichever occurs first. 


[2] For byte operation, Og— O44 are high impedance and 
045/A_ is the least significant address input. 
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NEC 


NEC Electronics Inc. 


Description 


The »PD238C2000A is a 2,097,152-bit ROM fabricated 
with CMOS silicon-gate technology. This device is static 
in operation and can be organized as 131,072 words by 
16 bits (word configuration) or as 262,144 words by 8 bits 
(byte configuration). In word configuration, pins Og - O45 
are active. In byte configuration, pin O45/A_4 becomes 
the additional bit required to address 256K bytes. 


The pPD23C2000A has three-state outputs, fully TTL- 
compatible inputs and outputs, and an output enable pin 
which is mask-programmable and can be specified as 
active high, active low, or don't care. The choice between 
word or byte configuration must also be specified for 
mask programming. 


The #PD23C2000A is available in a 40-pin plastic DIP. 


Features 


OQ Programmable organization 

— 131,072 words by 16 bits (word) 
— 262,144 words by 8 bits (byte) 
Fast access time of 175 ns maximum 
TTL-compatible inputs and outputs 
Three-state outputs 

Single +5-volt power supply 
CMOS technology 

Fully static operation 

Low power dissipation 

— 357.5 mW (active) 

— 550 pW (standby) 


ooaoanano a 


Ordering Information 


Power 
‘Acewes Consumption (max) 
Part Number Time (max) Active Standby Package 
pPD23C 2000AC-1 175 ns 65 mA 100 pA = 40-pin 
uPD23C2000AC —«-200ns peer 


60067 


Pin 


pPD23C2000A 
2,097,152-Bit 
Mask-Programmable CMOS ROM 


Configuration 


40-Pin Plastic DIP 


< 
S 
S 
OQ 
gi 
a 
a 
2 


OE/OE/0DG 
Oo 

Og 

0; 

Og 

O2 

O19 

Og 

O44 





Pin Identification 

Symbol Function 

Ao - Aig Address inputs 

Oo - O44 Data outputs 

O45/A_4 Output 15 (word)/LSB address (byte) 
CE Chip enable 

OE/OE/DC Output enable/don't care 

GND Ground 

Voc +5-volt power supply 

NC No connection 
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uPD23C2000A 


NEC 





Recommended Operating Conditions 





Parameter Symbol Min Typ Max ~ Unit 
Input voltage, high Vin 2.2 Voc + 0.3 Vv 
Input voltage, low Vit -0.3 ‘0.8 Vv 
Supply voltage Voc 45 5.0 5.5 Vv 
Ambient temperature Ta -10 70 °C 
Notes: 

(1) Vog = +5.0 V 5% for the wPD23C2000A-1. 

Truth Table 

CE OE Function Output loc 
Vin Don't Care Not Selected High-Z Standby 
Vit Inactive Not Selected High-Z Active 
ViL Active Read Dout Active 


Biock Diagram 


X-Decoder 


S 
£ 
=I 
a 
rar 
=] 
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£ 
a 
an 
o 
As] 
3 
=< 
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Output capacitance 


Output Buffer 


Y-Selector 


or 
131,072 x 16 





Absolute Maximum Ratings 
Supply voltage, Voc -0.3 to +7.0V 
-0.3V to Vog + 0.3V 
-0.3V to Vog + 0.3V 

-10 to +70°C 


-65 to + 150°C 


Input voltage, V, 

Output voltage, Vo 
Operating temperature, Topr 
Storage temperature, TstG 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 

Ta = 25°C; f = 1 MHz 
Parameter Symbol Min Typ Max Unit 
Input capacitance Cc 15 pF 


Co 15 pF 


. e e O45 


2 
§ 
5 
£ 
3 
fee} 


Memory Cell Matrix 
262,144 x8 


Input Buffer 





NV. KE C uUPD23C2000A 


DC Characteristics 
Ta = -10 to +70°C; Voc = +5.0 V +5% for wPD23C2000A-1 and +5.0 V +10% for 4PD23C2000A 





Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou 2.4 V lon = —400 pA 
Output voltage, low VoL 0.4 Vv lo. = 2.5mA 
Input leakage current ly -10 10 pA Vi=O0VtoVec 
Output leakage current llo ~-10 10 WA Vo = 0 V to Voc; chip deselected 
Power supply current loc 65 mA CE = Vit 
loce 1.5 mA CE = Viy (standby) 
loc3 100 nA CE = Voc - 0.2 V (standby) 


AC Characteristics 
Ta = -10 to +70°C; Voc = +5.0V +5% for nPD23C2000A-1 and +5.0 V +10% for uPD23C2000A 


pPD23C 2000A-1 pPD23C 2000A 
Parameter Symbol Min Typ Max . Min Typ Max Unit Test Conditions 
Address access time tacc 175 200 ns 
Chip enable access time tcE 175 : 200 ns 
Output enable access time toe 100 100 ns 
Output hold time ton 0 0 ns 
Output disable time tor 0 60 0 60 ns 


Notes: 


(1) Input voltage rise and falltimes = 20 ns; input and output timing 
reference levels = 0.8 and 2.0 V; output load = 1 TTL +100 pF. 
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uUPD23C2000A N: E C 


Timing Waveform 





Address 


‘DF 
[Note 1] 


Output High impedance eee pa Vaid aS: 


Notes: 
[1] tpg is specified from OE or CE, whichever occurs first. 


[2] For byte operation, Og— O44 are high impedance and 
O15 /A_; Is the least significant address input. 





&31H-6202B 


11-28 


NEC 


NEC Electronics Inc. 


pPD23C 2001 
262,144 x 8-Bit 
Mask-Programmable CMOS ROM 





Description 


The pPD23C2001 is a 262,144-word by 8-bit static ROM 
fabricated: with CMOS silicon-gate technology and 
designed to operate from a single +5-volt power supply. 
The device has three-state outputs and fully TTL- 
compatible inputs and outputs and is packaged in a 
32-pin plastic DIP. 


Features 


QO 262,144-word by 8 bit organization 
Fast access time of 250 ns maximum 
TTL-compatible inputs and outputs 
Three-state outputs 

Single +5-volt power supply 

CMOS technology 

Fully static operation 

Low power dissipation 

— 220 mW (active) 

— 550 pW (standby) 


Hanan adg 


Ordering Information 
Part Number Access Time (max) Package 


pPD23C2001C 250 ns 32-pin plastic DIP 


60040 


Pin Configuration 
32-Pin Plastic DIP 


Voc 

' CEp9/CE2/DC 
A17 
A14 


3 
NI 
9 
se} 
w 
a 
o. 
-& 
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Pin Identification 


Symbol Function 

Ao - Ai7 Address inputs 

Oo - O7 Data outputs 
CE,/CE, Chip enable 1 (Note 1) 
CE/CE/DC Chip enable 2 (Note 1) 
OE/OEDC Output enable (Note 1) 
GND Ground 

Voc +5-volt power supply 
NG No connection 

Notes: 


(1) This pin is user-definable as active low, active high, or “don't 
care” (in the cases of CEo/CEa/DC and OE/OE/DC). 
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pPD23C2001 oe NE C 


Absolute Maximum Ratings . Recommended Operating Conditions 





Supply voltage, Voc s f° 0.8 to +7.0V Parameter Symbol Min Typ Max Unit 
input voltage, V; a ~0.3VtoVog +0.3V  Inputvoltage, high = Viy 2.2 Veo +03 V 
Output voltage, Vo ' -0.3Vto Voc + 03V Input voltage, low Vit -0.3 0.8 Vv 
Operating temperature, Topp ; -10to +70°C = Supply voltage Voc 45 50 5.5 Vv 
Storage temperature, Ts7q -65 to +150°C Ambient temperature Ta, ~10 70 °C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 

Ta = 25°C; f = 1MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance Cc 15 pF 
Output capacitance Co 15 pF 
Block Diagram 


CE Input 
Buffer 


Oo 0; Oz Og O4 O5 Og O7 


: Output Buffer 


Y-Selector 
2 SSS 


_ 
® 
no] 
SE 
a 
9 
> 


; OE Input 
Memory Cell Matrix Buffer 
262,144 x8 


Address Input Buffers 
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N’ E Cc pPD23C 2001 


DC Characteristics 
Ta = -10 to +70°C; Vog = +5.0V +10% 








Parameter Symbol Min Typ Max Unit © Test Conditions 

Output voltage, high Vou 2.4 Vv lon = —400 pA 

Output voltage, low Vo. 0.4 ve lol = +2.1 mA 

Input leakage current, high lon 10 pA Vi=Voc 

Input leakage current, low low -10 pA y= OV 

Output leakage current, high ILoH 10 pA Vo = Vcc (outputs disabled) 

Output leakage current, low ILoL -10 pA Vo = OV (outputs disabled) 

Power supply current loci 40 mA Both CE, and CEp inactive 
loce 1.5 mA Either CE, or CEp inactive (Vi_, Vin) 
loc 100 pA Either CE, or CEs inactive 


(both = 0.2 Vor 2Voc- 0.2 V) 


AC Characteristics 
Ta = -10 to +70°C; Vog = +5.0 V +10% (Note 1) 








Parameter Symbol Min Typ Max Unit Test Conditions 
Address access time tacc 250 ns 

Chip enable access time tcE 250 ns 

Output enable access time toe 110 ns 

Output hold time tou 0 ns 

Output disable time tor 0 60 ns 

Notes: 


(1) Input voltage rise and fall times = 20 ns; input and output timing 
reference levels = 0.8 and 2.0 V; output load = 1 TTL +100 pF. 
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pPD23C2001 NEC 


Timing Waveform 





Address 


IDF 
[Note 1} 


Output Pah einecates Data Valid \\A 


tL Lh 


Notes: 
[1] tpg is specified from OE or CE, whichever occurs first. 
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NEC 


NEC Electronics Inc. 


pPD23C4000 
4,194,304-Bit 


Mask-Programmablie CMOS ROM 





Description 


The pPD23C4000 is a 4,194,304-bit ROM fabricated with 
CMOS silicon-gate technology. The device is static in 
operation and has three-state outputs, fully TTL- 
compatible inputs and outputs, and an output enable pin 
which is mask-programmable and can be specified as 
active low, active high, or don't care. 


The »PD23C4000 can be hardware-configured as either 
256K x 16 bits or as 512K x 8 bits by tying the WORD/ 
BYTE pin high or low, respectively. In the word configu- 
ration, pins Oo-O15 are active. In the byte configuration, 
pin Oys/A_, becomes the additional bit required to 
address 512K bytes. 


The p»PD23C4000 is available in a 40-pin plastic DIP and 
a 64-pin plastic QFP. 





Features 


QO Programmable organization 

— 262,144 words by 16 bits (word) 

— 524,288 words by 8 bits (byte) 
Fast access time of 250 ns maximum 
TTL-compatible inputs and outputs 
Three-state outputs 

Single +5-volt power supply 

CMOS technology 

Fully static operation 

Low power dissipation 

40-pin plastic DIP or 64-pin plastic QFP packaging 


oooadoaoaodng 


Ordering Information 
Part Number 
pPD238C4000C 
#PD23C 4000GF 


Package 
40-pin plastic DIP 
64-pin plastic QFP 


Access Tlme (max) 
250 ns 
250 ns 


60039 


Pin Configurations 


40-Pin Plastic DIP 


DC/OE/OE 
oF) 








Ag 

Ag 

Ato 
Aa 
Ay2 
Ai3 
A14 
Ais 


Ate 
WORD/BYTE 


GND 
045 /A_4 
07 

O14 

06 

O43 

O5 

O12 

O4 


° 
=] 
: 
Qa 
a 
a 
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uPD23C4000 
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yPD23C4000 | NE Cc 








Pin Identification Absolute Maximum Ratings 

Symbol Function Supply voltage, Voc ; -0.3 to +7.0V 
Ao- Ai7 Address Inputs Input voltage, V, -0.3V to Voc + 0.3V 
Oo- O44 Outputs Output voltage, Vo -0.3V to Voc + 0.3V 
Oys/A_4 Output 15 (word)/LSB address (byte) Operating temperature, Topp -10 to +70°C 
CE Chip enable Storage temperature, Tstg -65 to + 150°C 
OE/OE/DC Output enable (Note 1) 


Exposure to Absolute Maximum Ratings for extended periods may 
Word/BYTE Word/byte select input affect device reliability; exceeding the ratings could cause permanent 


damage. The device should be operated within the limits specified 
oe Grou under DC and AC Characteristics. 
Voc +5-volt power supply 
NC No connection Recommended Operating Conditions 
Notes: Parameter Symbol Min Typ Max Unit 
(1) This pin is user definable as active low, active high, or “don't Inputvoltage, high Vin 2 Noo $08 VE 
care.” Input voltage, low Vit -0.3 0.8 Vv 
Supply voltage Vv 45 60 5.5 Vv 
Capacitance Be a 
Ta = 25°C; f = 1MHz Ambient temperature Ta ~10 70 °C 
Parameter Symbol Min Typ Max Unit 
Input capacitance CG 15 pF 
Output capacitance Co 15 pF 


Block Diagram. 


Output Buffer A. 


Y-Selector 


WORD/BYTE 


Buffer Logic 


Memory Cell Matrix 
524,288 x 8 


or 
262,144 x 16 


Gy 
= 
] 
a 
pay 
5 
a 
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a 
a 
5 
a] 
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input Buffer 
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ya 


KE Cc pPD23C 4000 


DC Characteristics 
Ta = ~10 to +70°C; Vog = +5.0V 410% 








Parameter Symbol Min Typ Max Unit Test Conditions 
Output voitage, high VoH 2.4 V lon = —400 nA 
Output voltage, low Vor 0.4 Vv lol = +2.5mA 
Input leakage current tL -10 10 pA Vi = OV to Voc 
Output leakage current ILOH -10 10 pA Vo = 0 V tO Voc chip deselected 
Power supply current loci 50 mA CE = Vit 
Ioce 1.5 mA TE = Vin chip deselected 
Ioc3 100 pA CE = Voc - 0.2 V; chip deselected 





AC Characteristics 
Ta = -10 to +70°C; Vog = +5.0V +10% 





Parameter Symbol Min Typ Max Unit Test Conditions 
Address access time. tacc 250 ns 

Chip enable access time tce 250 ns 

Output enable access time toe 110 ns 

Output hold time ton 0 ns 

Output disable time tor 0 70 ns 

Output disable time for tHpF 100 ns 

Og-O45 referenced to 

WORD/BYTE 

Output enable access time twa 250 ns 


referenced to WORD/BYTE 





Notes: 


(1) Input voltage rise and fall times = 20 ns; input and output timing 
reference levels = 0.8 and 2.0 V; output load = 1 TTL +100 pF. 
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pPD23C4000 





Timing Waveform 
Read Cycle 


Address Address Valid 


Output High Impedance TT 


AAS 


Notes: 
[1] tpis specified from OE or CE, whichever becomes inactive first. 


[2] When WORD/BYTE Is low, O g- O74 are high impedance 
_ and pin 045/A_4 becomes an additional address input. 
[3] OE is inactive at the beginning of a read cycle. 


WORD/ BYTE Selection Timing 


WORD/BYTE 


High Impedance 


Notes: 
[1) CE = VIL- 
[2] OE is active. 
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High Impedance 


E 


Data Valid 


Data Valid 
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NEC 


NEC Electronics Inc. 


Description 


The pPD23C4000A is a 4,194,304-bit ROM fabricated 
with CMOS silicon-gate technology. The device is static 
in operation and has three-state outputs, fully TTL- 
compatible inputs and outputs, and an output enable 
pin which is mask-programmable and can be specified 
as active low, active high, or don't care. 


The pPD23C 4000A can be hardware-configured as ei- 
ther 256K x 16 bits or as 512K x 8 bits by tying the 
WORD/BYTE pin high or fow, respectively. In the word 
configuration, pins Oo-O45 are active. In the byte con- 
figuration, pin Oys/A_,; becomes the additional bit re- 
quired to address 512K bytes. 


The uPD23C 4000A is available in a 40-pin plastic DIP. 





Features 


QO Programmable organization 

— 262,144 words by 16 bits (word) 
— 524,288 words by 8 bits (byte) 
Fast access time of 200 ns maximum 
TTL-compatible inputs and outputs 
Three-state outputs 

Single + 5-volt power supply 

CMOS technology : 

Fully static operation 

Low power dissipation 

40-pin plastic DIP packaging 


ooodoadaoa a 


Ordering Information 
Part Number 
uUPD23C-4000AC 


Access Time (max) 
200 ns 


Package 
40-pin plastic DIP 


60068 





UPD23C4000A 
4,194,304-Bit 
Mask-Programmable CMOS ROM 


Pin Configuration 


40-Pin Plastic DIP 


WORD/BYTE 
GND 
OE/OE/DC 045 /A_y 
Oo 07 
Og O14 
O; Og 
: O13 
Os 
O12 
O4 
Voc 


< 
So. 
: 
N 
a 
a 
2. 


83IH-6824A 
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pPD23C4000A 


Pin Identification 


Symbol Function 

Ao - Aiz Address inputs 

Oo - O14 Outputs 

O4s/A_4 Output 15 (word)/LSB address (byte) 
CE Chip enable 

CE/OE/DC Output enable/don't care 

Word/BYTE Word/byte select input 

GND Ground 

Voc _  +5-volt power supply 
Capacitance 

Ta = 25°C; f = 1 MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance C, 15 pF 
Output capacitance Co 15 pF 


Block Diagram 
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X-Decoder 
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‘Output voltage, Vo 


or 
262,144 x 16 


NEC 


Absolute Maximum Ratings 
Supply voltage, Voc -0.3 to +7.0V 
~0.3V to Vog + 0.3V 
-0.3V to Voc + 0.3V 

-10 to +70°C 


~65 to + 150°C 


Input voltage, V 


Operating temperature, Topa 


Storage temperature, TsTg 
Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 


damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter Symbol Min Typ Max Unit 
Input voltage, high Vin 2.2 Voc + 0.3 Vv 
Input voltage, low Vit -0.3 0.8 Vv 
Supply voltage Voc 4.75 50 5.25 Vv 
Ambient temperature Ta -10 70 °C 


Output Buffer Ay 


Y-Selector 


WORD/BYTE 


Buffer Logic 


Memory Cell Matrix 
524,288 x & 


Input Buffer 





NEC 


DC Characteristics 
Ta = -10 to +70°C; Voc = +5.0V +5% 


pPD23C4000A 





Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Von 2.4 Vv lon = —400 pA 
Output voltage, low VoL 0.4 Vv lo, = 2.5 mA 
Input leakage current, high hie -10 10 uA Vi = 0Vto Voc 
Output leakage current, high lou -10 10 pA Vo = OV to Voc; chip deselected 
Power supply current loct 60 mA CE = Vit 
Ioce 1.5 mA CE = Vin chip deselected 
ioc 100 nA CE = Voc - 0.2 V; chip deselected 
AC Characteristics 
Ta = -10 to +70°C; Voc = +5.0V +5% 
Parameter Symbol Min Typ Max Unit Test Conditions 
Address access time tacc 200 ns 
Chip enable access time tce 200 ns 
Output enable access time tog 100 ns 
Output hold time ton ns 
Output disable time tor 70 ns 
WORD/BYTE output tHDr 100 ns 
disable time 
WORD/BYTE access time twe 200 ns 
Notes: 


(1) Input voltage rise and fall times = 20 ns; input and output timing 
reference levels = 0.8 and 2.0 V; output load = 1 TTL +100 pF. 
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pPD23C4000A N; E Cc 


Timing Waveform 





Read Cycle 


High Impedance 


Notes: 


[1] tpg ls specified from OE or CE, whichever occurs first. 
[2] in the byte mode, Og to O14 remain high impedance. 





Word/Byte Switching 


High Impedance High impedance 


WORD/BYTE 


Data Valid Data Valid 


High Impedance Data Valid 


(1] CE = Vy. 
[2] OE is active. 
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NEC 


NEC Electronics Inc. 


Description 


The »PD23C4001E is a 524,288-word by 8-bit static ROM 
fabricated with CMOS silicon-gate technology and 
designed to operate from a single +5-volt power supply. 
It has three-state outputs and fully TTL-compatible 
inputs and outputs, and is packaged in a 600-mil, 32-pin 
plastic DIP. 


The chip enable and output enable pins are mask- 
programmable as active low, active high or “don't care.” 


Features 


524,288-word by 8-bit organization 
Fast access time of 250 ns maximum 
TTL-compatible inputs and outputs 
Three-state outputs 

Single +5-volt power supply 

CMOS process technology 

Fully static operation 

Low power dissipation 

— 220 mW (active) 

— 550 pW (standby) 


Boaonvaonadn 


Ordering Information 

Access Time (max) 
250 ns 
250 ns 


Part Number 
pPD23C 4001EC 
#PD23C 4001 EGW 


Package 
$2-pin plastic DIP 
$2-pin miniflat 


60038 New speed of 200 ns will be available in 1991. 





uPD23C4001E 
524,288 x 8-Bit 
Mask-Programmable CMOS ROM 


Pin Configuration 
32-Pin Plastic DIP and Miniflat 


CE9/CE9/DC (1 


Ww 
Q 
So 
+ 
O 
oO 
N 
a) 
ao 
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831H-6214A 


Pin Identification 


Symbol Function 

Ao - Ais Address inputs 

Oo - O7 Data outputs 

CE4/CEs/DC Chip enable 1/don't care (Note 1) 
CE2/CE2/DC Chip enable 2/don't care (Note 1) 
OE/OE/DC Output enable (Note 1) 

GND Ground 

Voc +5-volt power supply 

Notes: 


(1) This pin is user-definable as active low, active high, or “don't 
care,” 
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pPD23C-4001E NE Cc 








Absolute Maximum Ratings Truth Table 
Supply voltage, Voc -0.3to +7.0V Function CE, CE, OE Outputs 
Input voltage, V, -0.3V to Vog + 0.3V Standby | Xx x High-Z 
Output voltage, Vo -0.3V to Voc + 0.3V Standby X | Xx High-Z 
Operating temperature, Topa -10 to +70°C Active A A I High-Z 
Storage temperature, Tsta ~65 to + 150°C Read A A A Data out 
‘Exposure to Absolute Maximum Ratings for extended periods may Notes: 
affect device reliability; exceeding the ratings could cause permanent (4) 1 = inactive, 
damage. The device should be operated within the limits specified , 
under DC and AC Characteristics. @ A= active, 
(8) X = dont care. 
ae Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit Parameter Symbol Min Typ Max. Unit 
Input capacitance C 15 pF Input voltage, high Vin 2.2 Veo +03 V 
Output capacitance Co 15 pF Input voltage, low Vit ~0.3 0.8 Vv 
Supply voltage Voc 45 5.0 5.5 Vv 
Ambient temperature Ta -10 70 °C 





Block Diagram 


Op ©; O2 O3 04 Os Og 07 


Output Buffer 


Y-Selector 


Y-Decoder 


OE Input 


Memory Cell Matrix Buffer 
524,288 x 8 


2 
i) 
= 
=] 
[oa] 
“ 
a 
Qa 
£ 
wn 
o 
o 
= 
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uo] 
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X-Decoder 


CE Input 
Buffer 
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NV. E C uPD23C4001E 


DC Characteristics 
Ta = ~—10 to +70°C; Voc = +5.0V £10% 





Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high Vou 2.4 Vv lon = —400 pA 

Output voltage, low VoL 0.4 Vv lol = +2.1mA 

Input leakage current ley -10 10 pA Vi= OVtoVec 

Output leakage current ILo -10 10 pA Vo = 0V to Voc (outputs disabled) 

Power supply current loci ' 40 mA Both CE, and CEp active 
loce 1.5 mA Either CE, or CEp inactive; CE = Vy 
loca 100 pA Either CE, or CEp inactive 


(both < 0.2V or = Voc -02V) 





AC Characteristics 
Ta = -10 to +70°C; Voc = +5.0 V £10% (Note 1) 











Parameter Symbol Min Typ Max Unit Test Conditions 
Address access time tacc 250 ns 

Chip enable access time tce 250 ns 

Output enable access time tog 110 ns 

Output hold time ton 0 ns 

Output disable time tor 0 70 ns (Note 2) 

Notes: 


(1) Input voltage rise and fall times = 20 ns; input and output timing 
reference levels = 0.8 and 2.0 V; outputload = 1 TTL +100 pF. 


(2) tpg is specified from OE or CE, whichever becomes inactive first. 
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pPD23C4001E NE Cc 


Timing Waveform 





Address 


<t- tOF 
[Note 1] 


Output eae wee Data Valid DS 


Notes: 


[1] tpfis specified from OE or CE, whichever becomes inactive first. 





831H-6215B 
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NEC 


NEC Electronics Inc. 


Description 


The uPD23C 8000 is a 8,388,608-bit ROM fabricated with 
CMOS silicon-gate technology. It is static in operation 
and has three-state outputs, fully TTL-compatible in- 
puts and outputs, and an output enable pin which is 
mask-programmable and can be specified as active 
high, active low, or don't care. 


The uPD23C 8000 can be hardware-configured as either 
512K x 16 bits or as 1M x 8 bits by tying the WORD/BYTE 
pin high or low, respectively. In the word configuration, 
pins 09-015 are active. In the byte configuration, pins 
Oo-O7 are active, pins Og-O1,4 are high impedance, and 
pin O45/A_; becomes the additional bit required to 
address 1M bytes. 


The uPD23C 8000 is available in a 42-pin plastic DIP. 





Features 


O Programmable organization 

— 524,288 words by 16 bits (word) 
— 1,048,576 words by 8 bits (byte) 
Fast access time of 250 ns maximum 
TTL-compatible inputs and outputs 
Three-state outputs 

Single + 5-volt power supply 
CMOS technology 

Fully static operation 

Low power dissipation 

42-pin plastic DIP packaging 


Hoo0o0od0enbo0 0 


Ordering Information 
Part Number 
puPD23C8000CZ 


Access Time (max) 


250 ns 


Package 
42-pin plastic DIP 


60070 


pPD23C 8000 
8,388,608-Bit 


Mask-Programmable CMOS ROM 


Pin Configuration 


42-Pin Plastic DIP 


Ay 
Ag 


CE 
GND 
OE/OE/DC 
Oo 

Og 


Pin Identification 
Symbol 

Ag - Aig 

Oo - O14 
O4s/A-1 

CE 
OE/OE/DC 
WORD/BYTE 
GND 

Veo 

NC 


Notes: 


(1) This pin is user-definable as active low, active high, or “don't 


care.” 


OOnN ON fF WN = 





NC 

Ag 

Ag 

A410 

A44 

A412 

Aig 

Ay4 

A4s 

Are 
WORD/BYTE 
GND 

O15 /A_4 

07 

O14 

06 

043 

O5 


.PD23C8000 


O4 
Voc 
83IH-7003A 


Function 

Address inputs 

Outputs 

Output 15 (word)/LSB address (byte) 
Chip enable 

Output enable/don't care (Note 1) 
Word/byte select 

Ground 

+5-volt power supply 


No connection 
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pensar 8000 | NE Cc 


Absolute Maximum Ratings Capacitance 
ee Spa ot = tiMHe 


Supply voltage, Voc -0.3 to +7.0V Ps IE nS LI Se a SE 
Input voltage, V; -0.3V to Voc + 0.3V Esometel = et 
Output voltage, Vo s0SVieVee Sosy | MpUbCepatt eee ne te 
Operating temperature, Topr -10 to +70°C petal alge Selo! ra I! 
Storage temperature, Isra_ 85 to + 150°C = Recommended Operating Conditions 
Exposure to Absolute Maximum Ratings for extended periods may Parameter + +<Symbol ‘Min Typ | Max Unit 
A putas, Vw a2 Veo +08 V 
under DC and AC Characteristics. Input voltage, low VIL -0.3 0.8 Vv 
Supply voltage Voc 45 5.0 5.5 Vv 
Ambient temperature Ta -10 70 °C 


Block Diagram 


Output Buffer Ay 


Y-Selector 


WORD/BYTE 


Y-Decoder 


Buffer Logic 


OE 


Memory Cell Matrix 
1,048,576 x 8 


he 
2 
1] 
oO 
= 
3 
a 
£ 
a 
n 
2 
3 
3 
< 


or 
524,288 x 16 


Input Buffer 





83IH-7004B 
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NEC 


DC Characteristics 
Ta = -10 to +70°C; Vocg = +5.0V +10% 


Parameter Symbol 
Output voltage, high Von 
Von2 
Output voltage, low VoL 
Input leakage current Iu 
Output leakage current ILo 
Power supply current loc 
Ioce 
loca 


AC Characteristics 
Ta = -10 to +70°C; Voc = +5.0V +10% 


Parameter Symbol 
Address access time tacc 
Chip enable access time toe 
Output enable access time tor 
Output hold time ton 
Output disable time tor 
Output enable access time twe 


referenced to WORD/BYTE 


Notes: 


Min Typ 
2.4 
Voc - 0.5 
-10 
-10 
Min Typ 


(1) Input voltage rise and falltimes = 20 ns; input and output timing 
reference levels = 0.8 and 2.0 V; output load = 1 TTL +100 pF. 


Max 


0.4 
10 
10 
50 
1.5 
100 


Max 
250 
250 
100 


70 
250 


Unit 


pA 
pA 
mA 
mA 
pA 


Unit 
ns 
ns 
ns 
ns 
ns 


ns 


pPD23C 8000 


Test Conditions 











lon = —400 pA 

lon = -100 pA 

lop = +2.1mA 

Vi = OV to Voc 

Vo = 0V to Vcc; chip deselected 
CE = Vi 


CE = Vinj chip deselected 
CE = Voc - 0.2 V; chip deselected 


Test Conditions 
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pPD23C 8000 E 





Timing Waveforms 


Read Cycle 


Output High Impedance 


Notes: 
[1] tpfis specified from OE or CE, whichever becomes Inactive first. 


[2] When WORD/BYTE is low, Og- O14 are high impedance 
and pin 015/ A_; becomes an additional address input. 





831H-7005B 


Word/Byte Selection Timing 


High Impedance , High impedance 


WORD/BYTE 


Data Valid i Data Valid 


High Impedance 


Data Valid 


Notes: 
[1] CE = Vit: 
[2] OE is active. 
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NEC 


NEC Electronics Inc. 


Description 


The uPD23C8001E is a 1,084,576-word by 8-bit ROM 
fabricated with CMOS silicon-gate technology and 
designed to operate from a single +5-volt power 
supply. The device has three-state outputs, fully TTL- 
compatible inputs and outputs, and is available in 
32-pin plastic DIP and miniflat packaging. 


Features 


1,084,576-word by 8-bit organization 
Fast access time of 250 ns maximum 
TTL-compatible inputs and outputs 
Three-state outputs 

Single + 5-volt power supply 

CMOS process technology 

Fully static operation 

Low power dissipation 

— 220 mW (active) 

— 550 yW (standby) 


ooeo0can oD 


Ordering Information 


Part Number Access Time (max) Package 
uUPD23C8001 ECZ 250 ns 32-pin plastic DIP 
UPD23C8001 EGW 250 ns 32-pin plastic miniflat 


60082 





uUPD23C 8001E 
1,048,576 x 8-Bit 
Mask-Programmable CMOS ROM 


Pin Configuration 


32-Pin Plastic DIP and Miniflat 


Voc 
A18 
A417 
A14 
A13 
Ag 
Ag 
Ait 
OE/OE/DC 
A10 
CE 
07 
O¢ 
Os 
O4 
O3 


lu 
= 
° 
3 
co) 
9 
re) 
N 
Qa 
a 
a 


Pin Identification 


Symbol Function 

Ao - Aig Address inputs 

Qo - O7 Data outputs 

CE Chip enable 

OE/OE/DC Output enable/don't care (Note 1) 
GND Ground 

Voc +5-volt power supply 

Notes: 


(1) This pin is user-definable as active low, active high, or “don't 
care.” 
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pPD23C8001E N: KE & 


Absolute Maximum Ratings Truth Table 

Supply voltage, Voc -0.3to +7.0V CE OE/OE/DC Function Outputs 
Input voltage, V; -0.3V to Voc + 0.3V Vin Don't care Standby High-Z 

Output voltage, Vo O3VtoVog + 03V Vi inactive Active High-Z 

Operating temperature, Topr -10to +70C 3=—-Vy_ Active Read Dour 
Storage temperature, Tsta —65 to +150°C 


Recommended Operating Conditions 


Exposure to Absolute Maximum Ratings for extended periods may Parameter. ~=~«sSymbol.~*sMin’ = ‘Typ Max Unit 


affect device reliability; exceeding the ratings could cause permanent 


damage. The device should be operated within the limits specified input voltage, high Vin 2.2 Voc + 0.3 Vv 
under DC and AC Characteristics. input voltage, low Vit -0.3 0.8 Vv 
Capacitance Supply voltage Voc 4.5 5.0 5.5 Vv 
Ta = 25°C, f = 1 MHz Ambient temperature Ta | -10 70 °C 
Inputcapacitance = Gi iststi(‘éSC‘sSSOC*C*i 


Output capacitance Co 15 pF 


Block Diagram 
Oo 01 O2 Og O4 Og Og O7 


Output Buffer 


Y-Selector 


Y-Decoder 


Address Input Buffers 


OE Input 


Memory Cell Matrix Buffer 


1,048,576 x8 


X-Decoder 


CE Input 
Buffer 





83/H-7008B 
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NEC 


DC Characteristics 
Ta = -10 to +70°C; Vog = +5.0V 410% 


Parameter Symbol 
Output voltage, high VoHt 
VoH2 
Output voltage, low Vo- 
Input leakage current Iu 
Output leakage current lLo 
Power supply current loc1 
Ioce2 
locs 


AC Characteristics 
Ta = -10 to +70°C; Vog = +5.0V +10% 


Parameter Symbol 
Address access time tacc 
Chip enable access time toe 
Output enable access time tog 
Output hold time ton 
Output disable time tor 
Notes: 


Min 
2.4 
Voc —0.5 


-10 
-10 


Min Typ 


(1) Input voltage rise and fall times = 20 ns; input and output timing 
reference levels = 0.8 and 2.0 V; output load = 1 TTL +100 pF. 


Max 


0.4 
10 
10 


1.5 
100 


Max 
250 
250 
100 


70 


Unit 


A 
BA 
mA 
mA 
pA 


Unit 
ns 
ns 
ns 
ns 


ns 


pPD23C8001E 


Test Conditions 


lon = —400 pA 

lon = —100 pA 

lop = 2.1mMA 

V, = OV tO Voc 

Vo = 0V to Voc (chip deselected) 
CE = Vit 

CE = Vin 

CE = Voc — 0.2 (standby) 


Test Conditions 
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yPD23C8001E NV. KE Cc 


Timing Waveform 


Address 


DF 
[Note 1} 


om vee =m pS 


Notes: 
[1] tpFis specified from OE or CE, whichever becomes inactive first. 
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NEC 


NEC Electronics Inc. 


Description 


The uPD23C 16000 is a 16,777,216-bit ROM fabricated 
with CMOS silicon-gate technology. The device is static 
in operation and has three-state outputs and fully 
TTL-compatible inputs and outputs. 


The uPD23C 16000 can be configured as either 1M x 16 
bits or as 2M x 8 bits by tying the WORD/ 
BYTE pin high or low, respectively. In the word config- 
uration, pins Og - O45 are active. In the byte configura- 
tion, pins Og - O7 are active, pins Og - O14 are high 
impedance, and pin O15/A_; becomes the additional bit 
required to address 2 Mbytes. 


The pPD23C 16000 is available in a 42-pin plastic DIP. 


Features 


O User-selectable organization 

— 1,048,576 words by 16 bits (word) 
— 2,097,152 words by 8 bits (byte) 
Fast access time: 250 ns maximum 
TTL-compatible inputs and outputs 
Three-state outputs 

Single +5-volt power supply 

CMOS technology 

Fully static operation 

Low power dissipation 

42-pin plastic DIP packaging 


gooanano a 


Ordering Information 
Part Number Access Time (max) Package 


uPD23C16000CZ 250 ns 42-pin plastic DIP 


60019 


pPD23C 16000 
16,777,216-Bit 


Mask-Programmable CMOS ROM 


Pin Configuration 


42-Pin Plastic DIP 


Pin Identification 
Symbol 

Ag - Aig 

Op - O14 

O45/A-4 

WORD/BYTE 

CE 

OE 

GND 

Voc 


Oonouwr WN = 





WORD/BYTE 
GND 
O1s5/A_4 


=} 
S 
3 
© 
O 
se) 
N 
a 
a 
=a 


831H-6024A 


Function 

Address inputs 

Outputs 

Output 15 (word)/LSB address (byte) 
Word/byte selection 

Chip enable 

Output enable 

Ground 


+5-volt power supply 
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»PD23C16000 N: KE C 








Absolute Maximum Ratings Recommended Operating Conditions 

Supply voltage, Voc -0.3 to +7.0V Parameter Symbol Min Typ Max Unit 
Input voltage, V; -0.3VtoVog +0.3V Input voitage, high Vin 2.2 Voo +03 V 
Output voltage, Vo ~0.3VtoVog +0.3V Input voltage, low Vit -0.3 0.8 V 
Operating temperature, Topr —-10 to +70°C Supply. voltage Voc 4.5 5.0 5.5 Vv 
Storage temperature, TsTq -65 to + 150°C Ambient temperature Ta, ~10 ’ 70 °C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


Capacitance 

Ta = 25°C; f = 1 MHz 

Parameter Symbol Min Typ Max Unit 
Input capacitance C 15 pF 


Output capacitance Co 15 pF 


Block Diagram 


Y-Selector 


Y-Decoder 


Buffer Logic 


Memory Cell Matrix 
2,097,152 x 8 


S 
P= 
=] 
ao 
FS 
5 
a 
£ 
no 
no 
2 
3 
3 
< 


or 
1,048,576 x 16 


X-Decoder 


Input Buffer 
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NV. E Cc p»PD23C 16000 


DC Characteristics 
Ta = —10 to +70 °C; Voc = +5.0V + 10% 





Parameter Symbol Min Typ Max Unit Test Conditions 
Output voltage, high Vou 2.4 Vv lon = —400 pA 
Output voltage, low VoL 0.4 Vv lo. = +3.2mA 
Input leakage current hy -10 10 pA V, = OV to Voc 
Output leakage current lLo -10 10 pA Vo = OV to Voc; chip deselected 
Power supply current Ioc1 50 mA CE = Vi 
loce 1.5 mA CE = Vix; chip deselected 
loos 100 pA CE = Voc - 0.2 V; chip deselected 





AC Characteristics 
Ta = -10 to +70 °C; Voc = +5.0V + 10% 





Parameter Symbol Min Typ Max Unit Test Conditions 
Address access time tacc 250 ns 
Chip enable access time tcE 250 ns 
Output enable access time toe 100 ns 
Output hold time tou 0 ns 
Output disable time tor 0 70 ns 
Output enable access time twos 250 ns 


referenced to WORD/BYTE 





Notes: 


(1) Input voltage rise and falltimes = 20 ns; input and output timing 
reference levels = 0.8 V and 2.0 V; output load = 1 TTL + 100 pF. 


Truth Table 

CE OE WORD/BYTE Mode Qo - 07 Og - O14 Oys/A_4 loc 
Vin X xX Not selected High-Z High-Z High-Z Standby 
Vit Vi Xx Output disable High-Z High-Z High-Z Active 
Vit Vit Vit Selected Data output High-Z LSB Active 
Vit Vit Vin ~ Selected Data output Data output Data output Active 
Notes: 


(1) X = dont care. 
(2) LSB = least significant bit of the address input. 





pPD23C16000 N: E Cc 


Timing Waveforms 





Read Cycle 


Address Valid 


High Impedance 


Notes: 
[1] tpFis specified from OE or CE, whichever occurs first. 


[2] When WORD/BYTE is low, Og-O14 are high impedance 
and pin O45/A_4 becomes an additional address input. 





83!H-6026B 


WORD/BYTE Selection Cycle 


High Impedance 


WORD/BYTE 


Data Valid 


High Impedance 


Data Valid 





83IH-6027B 


11-56 


NEC 


NEC Electronics Inc. 


Introduction 


This application note provides guidelines for submit- 
ting the data files used by NEC to program semicus- 
tomized integrated circuits (a complete list of which 
appears in table 4). 


Where to Send Files 


Data files should be sent directly to Customer Market- 
ing, NEC Electronics, Mountain View, California. 


Acceptable Media 


NEC accepts data from the following: 


QO Jn programmable ICs such as NEC’s uPD27C2000 
UV EPROM or uPD75P308 programmable 4-bit 
microprocessor 

0 On floppy diskette in MS-DOS® or PC-DOS® 
formats 


— 5-1/4 inch disk (either 360K or 1.2 Mbyte) 

— 3-1/2 inch disk (either 360K, 720K or 1.44 Mbyte) 
O Via modem over the telephone lines 

— At 300 to 9600 bps 


— With 8 data bits, no parity, 1 stop bit 
— Using XMODEM, YMODEM or KERMIT protocol 


When opting for modem transmittal, call Customer 
Marketing for the appropriate engineering contact, 
dial-up number, and hours of availability. 


MS-DOS and PC-DOS are registered trademarks of Microsoft. 
Intel is a trademark of Intel. 


60097 


ROM Code Submission Guide 
Application Note 90-05 


Minimum Requirements 


Any one of the means described above may be se- 
lected, but NEC requires multiple copies of every file, as 
well as device-specific information such as chip type, 
package type and package lead type. 


© Aminimum of two copies of the chosen media 
must be submitted. Three copies are preferred, as 
this lessens the problems caused when one copy 
is flawed. Please note that for modem transfers, 
the file must be transmitted twice to NEC and 
retransmitted twice from NEC back to you. 


O Unless submitted by means of programmable ICs, 
data files must be in Intel™ hexadecimal or 
extended hexadecimal format. 


© Source code or the executable binary of a data file 
may be submitted but is not required. 


QO Files taken from or read from previously built ICs, 
even those produced for you by NEC, will not be 
accepted. 


Taking Precautions 


NEC assumes no responsibility for data bits within a 
target device’s programmable area, and it is therefore 
imperative that you define all bits within the possible 
range of addresses. For example, if programmable area 
is 128K x 8 bits, and your data file defines only the first 
64K x 8 bits, there is no way for NEC to know how to 
program the remaining 64K. 


Furthermore, if your programming equipment was left 
with random data in its memory from a previous oper- 
ation, valid data would be built into the first half of the 
programmable area and garbage data into the second 
half—causing unforeseen and possibly very expensive 
problems in the final design. Blank space must be 
defined as either all Os or all 1s, or as binary NOP, in 
which case the binary code for an NOP instruction 
needs to be specified. 
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ROM Code Submission Guide 


What You Can Expect from NEC 


After the media or devices have been received by NEC, 
the copies will be compared to ensure they match 
(customers whose files don’t match will be contacted 
by Customer Marketing). NEC will then duplicate the 
media and return the following for verification:. 


2 One copy of the original media 
OQ One copy of NEC’s duplicate media 


0 Ahard copy listing of the data files (for target 
devices with less than 512K, i.e., 64K x 8, of ROM) 


Two floppy diskettes containing those data files 
transmitted via modem 


O AROM Code Verification Form, which must be 
signed and returned before any devices can be 
built 


Upon receipt of the signed verification form, NEC will 
produce ten engineering samples for testing and ap- 
proval prior to building and shipping the entire order. 
Data files are kept in archival storage for two years 
(more than two years is not guaranteed) in one or more 
of the following formats: ; 


Q In one original IC and one NEC duplicate IC, if 
programmable ICs were initially submitted 


QO Ina hard-copy listing of the hexadecimal file 


O In electronic storage using either magnetic or 
optical media (Write Once Read Many, i.e., WORM, 
disk) ; 


Please note that IC masks will be stored at NEC’s 
manufacturing facility for only one year after the last 
order is received. 


I 


Peculiar Addressing 


Although addresses are usually contiguous, e.g., from 
0000;, to a maximum, these devices require special 
consideration. 


p»PD77P20, »PD7720, »PD77C20. The first two loca- 
tions of data ROM cannot be used in these devices. In 
the uPD77P20, addresses 01g and 14, must be left blank. 
(In UV EPROMs, addresses 80046 and 8054, must be left 
blank.) 


»PD70322/332 (V25™ and V35™). Addresses FFO0;,¢ 
through FFEFy and FFF8.,_ through FFFFy4. are re- 
served for IC testing purposes by the factory and may 
not be used. 


V25 and V35 are trademarks of NEC Corporation. 
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NEC 


pPD75104 - p»PD75516 (uPD75xxx-Series). Special re- 
quirements for these devices are shown below. 





Table 1. Valid Addresses for uPD75xxx-Series 
Device Initial Address Last Address 
uPD75106 000046 177F 16 
uPD75108 000046 1F7F46 
uPD75208 00004g 1F7F 46 
uPD75216 000046 3F7F 4g 
UPD75308 000046 1F7F 46 
uPD75316 000046 SF7F 16 


ROMs with 16-Bit Data Buses. Data submitted for 
these ROMs in devices with 8-bit data buses should be 
organized this way. 


Table 2. Sequence for 8-Bit Data Bus Devices 
Sequence Addresses Outputs 
Device #1 00000 - OF FFF Og - 07 
Device #2 10000 - 1F FFF Op - O7 
Device #3 00000 - OF FFF Og - O15 
Device #4 10000 - 1F FFF Og - O15 


Data submitted from a 16-bit data bus device would be 
handled similarly. 


Table 3. Sequence for 16-Bit Data Bus Devices 

Sequence Addresses Outputs 

Device #1 00000 - OF FFF Op - O7 
10000 - 1F FFF Og - 045 


In both cases, segments corresponding to the lower 
data outputs are submitted first, a pattern that should 
be followed for larger devices as well. Please be aware 
that NEC has no way of identifying the sequential order 
of individual segments if they’re submitted in incorrect 
order. 


Refer to the section entitled ORGANIZING 16-BIT DE- 
VICE DATA INTO HEX FORMAT for more detailed infor- 
mation about these requirements. 


NEC 
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Table 4. Applicable Device Types 








Part Number(s) Description Organization Last Address 
ROMs CMOS ROM 

UPD23C1000A 131,072 x 8 bits 

HPD23C1000EA 131,072 x 8 bits 

uUPD23C1001E 131,072 x 8 bits 

UPD23C1010A 131,072 x 8 bits 

UPD23C1024E 65,536 x 16 bits 

HPD23C02000 262,144 x 8 bits or 131,072 x 16 bits 

UPD23C 2000A 262,144 x 8 bits or 131,072 x 16 bits 

puPD23C2001 262,144 x 8 bits 

uUPD23C4000 524,288 x 8 bits or 262,144 x 16 bits 

UPD23C4000A 524,288 x 8 bits or 262,144 x 16 bits 

uUPD238C4001E 524,288 x 8 bits 

uUPD23C8000 1,048,576 x 8 bits or 524,288 x 16 bits 

uUPD23Cso001E 1,048,576 x 8 bits 

uUPD23C16000 2,097,152 x 8 bits or 1,048,576 x 16 bits 

4-Bit Microcomputers uC with ROM memory 

uPD7502 2,048 x 8 bits 

puPD7503 4,096 x 8 bits 
_#PD7507H 2,048 x 8 bits 

uUPD7508H 4,096 x 8 bits 

uPD7514 4,096 x 8 bits 

uUPD7527A 2,048 x 8 bits 

UPD7528A/CG28E 4,096 x 8 bits 

UPD7533/CG33E 4,096 x 8 bits 

UPD7537A 2,048 x 8 bits 

MPD7538A/CG38E 4,096 x 8 bits 

uPD7554/64 1,024 x 8 bits 

pPD7556/66 1,024 x 8 bits 

pPD75004/104/304 4,096 bits 

HPD75006/106/206/306 6,144 bits 177F4g 
uUPD75008/108/208/308 8,192 bits 1F7F 4g 
HPD75112/212A/312 12,288 bits 2F7F 46 
pPD75116/216A/316 16,384 bits SF7F F4g 
pPD75328 8,192 bits 1F7F 46 
uPD75402 2,048 bits F7F ig 
UPD75516 16,384 bits 3F7F ig 


ROM Code Submission Guide 


Table 4. Applicable Device Types (cont) 


Part Number(s) 





8-Bit Microcomputers 


uPD7810/11 
MPD78C11A 
UPD78C12A 
uUPD78C14 
uUPD7821x-Series 
PD7822x-Series 
UPD7823x-Series 
UPD78312A 
uPD78322 





Digital Signal Processors 


MPD7720A/C20A 


uPD77C25 


_HPD77220/230 


yPD77810 


UPD7755 


uPD7756 
uPD7757 
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Description 


uC with ROM memory 


Instruction ROM 
Data ROM 
Instruction ROM 
Data ROM 
Instruction ROM 
Data ROM 
Instruction ROM 
Data ROM 

ROM memory 
ROM memory 
ROM memory 


Organization 


4,096 x 8 bits 
4,096 x 8 bits 
8,192 x 8 bits 
16,384 x 8 bits 
16,384 x 8 bits 
16,384 x 8 bits 
16,384 x 8 bits 
8,192 x 8 bits 
16,384 x 8 bits 


512 x 23 bits 
510 x 13 bits 
2,048 x 24 bits 
1,024 x 16 bits 
2,048 x 24 bits 
1,024 x 24 bits 
2,048 x 24 bits 
1,024 x 16 bits 
98,304 bits 
262,144 bits 
524,288 bits 
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NEC 


USING THE INTEL HE XADECIMAL FORMAT 


Intel's hexadecimal format allows addressing of upto _—‘ For example, a line showing the “End of File” record 
512 kbits of data, or 64K x 8 bits (00004, through would be formatted as :00000001F F, while a typical 
FFFF4.). Data records larger than 64K x 8 must be _ data line would be constructed this way: 


expressed in multiple segments, with each individually — .wwAAAATTDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDpDCcC 
addressed segment equal to or smaller than 64K x 8. 





Table 5. Description of Elements 


Each byte of data must be expressed as a printable 
Code Description 


ASCII character, and each line must contain these 


elements: Beginning of line 
WW Data word count 
7 : ; 
A colon to begin each line AAAA Address of the first data word 
O Atwo-character data word count for the line TT Record type 
O A four-character address of the first word of data D...D Bata words 
OQ Atwo-character record type identifier, e.g., 00, 01, cc Checksum 
02 for data, end of file, segment address 
G The data words Table 6. Description of Record Type 
O Atwo-character line checksum at the end of each TT Description 
line 00 Data follows 
01 End of file 
02 Begin new 64K x 8 data segment 


Table 7 shows an address shift from one 32K x 8 
segment to the next segment in hexadecimal format. 


Table 7. Sample Hexadecimal Addressing 


Coded Segment Instruction 





:100000007F 7F 7F 7F 7F 7F7 E7D7B797878787A7D2C 
OF F FOOOF FFF FF FFFFFFFFFFFFFFFFFFFFFFF4 
:020000021000EC 

:100000007F 7F 7F 7F 7F 7E7E7D7B7A797877797B7F2C 
:10F F FOOOF FFF FF FFF FFF FF FERFRFFFFFFFFEFI1 
:00000001 FF 


Begin first segment 


End first segment 


Second segment record 


Begin second segment 


End second segment 


End of file record 
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ORGANIZING 16-BIT DEVICE DATA INTO HEX 


The following examples illustrate how 16-bit devices 
may be organized into 8-bit hexadecimal format. 


When ordering the 64K x 16-Bit »PD23C1024, it is 
recommended that data files be submitted in devices 
such as the 64K x 16-Bit uPD27C 1024 because there’s a 
one-to-one match of addresses, device outputs, and 
data word length. Data files submitted in two 
UPD27C 512 64K x 8 EPROMs, for example, would have 
to be organized in this sequence. 


Table 8. Sequence of Two 64K x 16-Bit Devices 


pPD27C512 Addresses Data Outputs 
Device #1 000046 - FF FF 4g Qo - O7 
Device #2 00004¢ - FFF Fig Og - 045 


If data is submitted in four 32K x 8-bit devices such as 
the pyPD27C 256, then the following would apply. 


Table 9. Sequence of Four 32K x 8-Bit Devices 


p#PD27C256 Addresses Data Outputs 
Device #1 000046 - 7FFF ig Oo - O7 
Device #2 80004, - FFF Fig Qo - O7 
Device #3 000016 - 7FF Fig Og - O45 
Device #4 800046 - FFFF 4g Og - O45 


When ordering the 128K x 16 u.PD23C 2000, data files 
submitted in two 128K x 8-bit EPROMs such as the 
UPD27C1001 should be organized as shown in table 10. 


Table 10. Sequence of Two 128K x 8-Bit Devices 


pPD27C1001 Addresses Data Outputs 
Device #1 000046 - TFFF Fig Oo 7 O7 
Device #2 000046 = 1FFFF4, Og od O45 
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Data files submitted in four 64K x 8-bit wPD27C512 
devices would require this sequence. 


Table 11. Sequence of Four 64K x 8-Bit Devices 
pPD27C512 Addresses Data Outputs 
Device #1 000004, - OF FFF 4g Oo - O7 

Device #2 100004g - 1FFFFig Oo - O7 

Device #3 0000046 - OF FFF ig Og - O45 

Device #4 1000046 - 1FFFFig Og - O15 


When ordering the 256K x 16-bit «PD23C 4000, data 
submitted in four 64K x 16-bit devices such as the 
puPD27C 1024 EPROM should be organized as shown in 


table 12. 


Table 12. Sequence of Four 64K x 16-Bit Devices 


pPD27C1024 Addresses Data Outputs 
Device #1 000004, - OF FF Fig Oo - O45 
Device #2 1000046 - 1F FFF 4g Oo - O45 
Device #3 2000046 - 2FFF Fig Oo - O15 
Device #4 3000045 - SF FF Fig Oo - O45 


If eight 64K x 8-bit devices such as the uPD27C 512 are 
being used, the following applies. 


Table 13. Sequence of Eight 64K x 8-Bit Devices 


pPD27C512 Addresses Data Outputs 
Device #1 000004g - OF FF Fig Oo - O7 
Device #2 000001g - OF FF Fyg Og - O15 
Device #3 100004, - 1FFFFyg Oo - O7 
Device #4 100004g - 1FFFFig Og - O45 
Device #5 20000 4g - QFFF Fig Oo - 07 
Device #6 20000ig - 2FFFF ig Og - O45 
Device #7 300001¢ - S3FFF Fig Oo - O7 
Device #8 300001g - SFFFF 46 Og - O15 
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Packaging Information NV. E Cc 


Section 12 

Packaging Information 

Device/Package Cross Reference 12-1 
16-Pin Package 12-6 
18-Pin Packages 12-6 
20-Pin Packages 12-8 
22-Pin Packages 12-10 
24-Pin Packages 12-12 
26/20-Pin Packages 12-19 
28-Pin Packages 12-20 
30-Pin Packages 12-24 
32-Pin Packages 12-29 
40-Pin Packages 12-35 
42-Pin Packages 12-36 
52-Pin Package 12-37 
60-Pin Package 12-38 
64-Pin Package 12-39 


72-Pin Packages 12-40 


NV. E C Packaging Information 


Device/Package Cross Reference 

















Ordering 
Part Number Package Designation Page 
MC-157 30-Pin SIMM (Socket-Mountable) #7 B 12-29 
MC-174/176 60-Pin IC Card N/A 12-38 
MC-41256A8 30-Pin SIMM (Socket-Mountable) #3 B 12-27 
MC-41256A9 30-Pin SIMM (Socket-Mountable) #6 B 12-28 
MC-421000A36 72-Pin SIMM (Socket-Mountable) #3 B 12-42 
MC-421000A8 30-Pin SIMM (Leaded) #1 A 12-24 
30-Pin SIMM (Socket-Mountable) #1 B 12-26 
MC-421000A9 30-Pin SIMM (Leaded) #3 A 12-25 
30-Pin SIMM (Socket-Mountable) #2 B 12-27 
MC-422000A36 72-Pin SIMM (Socket-Mountable) #2 BH/FH 12-41 
MC-424100A8 30-Pin SIMM (Leaded) #4 A 12-26 
30-Pin SIMM (Socket-Mountable) #5 B 12-28 
MC-424100A9 30-Pin SIMM (Leaded) #2 A 12-25 
30-Pin SIMM (Socket-Mountable) #4 B 12-28 
MC-424256A36 72-Pin SIMM (Socket-Mountable) #4 B/F 12-43 
MC-424256A36BH/FH 72-Pin SIMM (Socket-Mountable) #5 BH/FH 12-44 
MC-424512A36 72-Pin SIMM (Socket-Mountable) #6 B/F 12-45 
MC-424512A36BH/FH 72-Pin SIMM (Socket-Mountable) #1 BH/FH 12-40 
uUPB100422 24-Pin Ceramic Flatpack B 12-12 
24-Pin Ceramic DIP D 12-15 
uPB100470 48-Pin Cerdip D 12-7 
uPB100474 24-Pin Ceramic Flatpack B 12-12 
24-Pin Ceramic DIP D 12-15 
24-Pin Ceramic LCC K 12-17 
uUPB100474A 24-Pin Ceramic Flatpack BH 12-12 
24-Pin Cerdip #2 D 12-16 
UPB100474E 24-Pin Ceramic Flatpack BH 12-12 
24-Pin Cerdip #2 D 12-16 
UPB100480 20-Pin Ceramic Flatpack B 12-8 
20-Pin Cerdip D 12-9 
UPB100484 28-Pin Ceramic Flatpack B 12-20 
28-Pin Cerdip D 12-22 
UPB100484A 28-Pin Ceramic Flatpack B 12-20 
28-Pin Cerdip D 12-22 
UPB100A484 28-Pin Ceramic Flatpack B 12-20 
28-Pin Cerdip D 12-22 
uPB10422 24-Pin Ceramic DIP D 12-15 
pPB10470 18-Pin Cerdip D 12-7 
uPBi0474 24-Pin Cerdip #2 D 12-16 
UPB10474A 24-Pin Cerdip #2 D 12-16 
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Device/Package Cross Reference (cont) 

















Ordering 

Part Number Package Designation Page 
HPB10474E 24-Pin Cerdip #2 D 12-16 
uUPBI0480 20-Pin Ceramic Flatpack B 12-8 
20-Pin Cerdip D 12-9 

UPBIO484 28-Pin Ceramic Flatpack B - 12-20 
28-Pin Cerdip D 12-22 

UPBI0484A 28-Pin Ceramic Flatpack B 12-20 
28-Pin Cerdip D 12-22 

UPBI0A484 28-Pin Ceramic Flatpack BH 12-20 
28-Pin Cerdip D 12-22 

puPD100500 24-Pin Cerdip #1 D 12-15 
uPD100504 32-Pin Ceramic Flatpack B Not available at time of print 
32-Pin Cerdip D Not available at time of print 

uPDI0500 24-Pin Cerdip #1 D 12-15 
uPDI0504 32-Pin Ceramic Flatpack B Not available at time of print 
32-Pin Cerdip D Not available at time of print 

uPD23C1000A 28-Pin Plastic DIP #2 Cc 12-21 
28-Pin Plastic Miniflat #1 G 12-22 

UPD23C1000EA 32-Pin Plastic DIP Cc 12-29 
uPD23C1001E $2-Pin Plastic DIP Cc 12-29 
UPD23C1010A 28-Pin Plastic DIP #2 Cc 12-21 
uPD23C1024E 40-Pin Plastic DIP Cc 12-35 
uPD23C16000 42-Pin Plastic DIP CZ 12-36 
uPD23C2000 40-Pin Plastic DIP Cc 12-35 
52-Pin Plastic Miniflat G 12-37 

uUPD23C2000A 40-Pin Plastic DIP c 12-35 
uPD23C2001 32-Pin Plastic DIP Cc 12-29 
HPD23C4000 40-Pin Plastic DIP Cc 12-35 
| 64-Pin Plastic QFP GF 12-39 
uPD23C4000A 40-Pin Plastic DIP Cc 12-35 
uPD23C4001E 32-Pin Plastic DIP Cc 12-29 
32-Pin Plastic Miniflat GW 12-31 

uPD23C8000 42-Pin Plastic DIP CZ 7 12-36 
uPD23C8001E 32-Pin Plastic DIP : . CZ 12-29 
32-Pin Plastic Miniflat GW 12-31 

uPD27C1000A 32-Pin Cerdip #1 D : 12-30 
uPD27C1001A 32-Pin Cerdip #1 D 12-30 
uPD27C1024A 40-Pin Cerdip. D 12-35 
uPD27C2001 32-Pin Cerdip #2 D 12-30 
uPD27C4001 32-Pin Cerdip #3 DZ 12-31 
uPD27HCE65 24-Pin Cerdip #3 DX 12-16 
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Device/Package Cross Reference (cont) 





Ordering 
Part Number Package Designation Page 
uPD28004 24-Pin Plastic DIP #3 Cc 12:14 
24-Pin Plastic Miniflat G 12-17 
pPD28C005 24-Pin Plastic DIP #3 Cc 12-14 
24-Pin Plastic Miniflat G 12-17 
uPD28C256 28-Pin Plastic DIP #2 CZ 12-21 
uPD28C64 28-Pin Plastic DIP #2 Cc 12-21 
pPD41256 16-Pin Plastic DIP Cc 12-6 
18-Pin Plastic Leaded Chip Carrier L 12-8 
pPD41264 24-Pin Plastic DIP #2 Cc 12-13 
24-Pin Plastic ZIP V 12-18 
puPD41464 18-Pin Plastic DIP #1 Cc 12-6 
18-Pin Plastic Leaded Chip Carrier L 12-8 
uPD421000 .  18-Pin Plastic DIP #2 c 12-7 
26/20-Pin Plastic SOJ #1 LA 12-19 
20-Pin Plastic ZiP V 12-10 
uPD421001 18-Pin Plastic DIP #2 Cc 12-7 
26/20-Pin Plastic SOJ #1 LA 12-19 
20-Pin Plastic ZIP V 12-10 
uPD421002 18-Pin Plastic DIP #2 Cc 12-7 
26/20-Pin Plastic SOJ #1 LA 12-19 
20-Pin Plastic ZIP v 12-10 
uPD42101 24-Pin Plastic DIP #1 Cc 12-13 
24-Pin Plastic Miniflat G 12-17 
pPD42102 24-Pin Plastic DIP #1 Cc 12-13 
24-Pin Plastic Miniflat G 12-17 
uPD42264 24-Pin Plastic DIP #2 Cc 12-13 
24-pin Plastic SOJ LA 12-18 
24-Pin Plastic ZIP V 12-18 
pPD42270 28-Pin Plastic DIP #1 Cc 12-20 
uPD42273 28-Pin Plastic SOJ LE 12-23 
28-Pin Plastic ZIP V 12-24 
puPD42274 28-Pin Plastic SOJ LE 12-23 
28-Pin Plastic ZIP V 12-24 
uPD42275 40-Pin Plastic SOJ LE 12-36 
puPD424100 26/20-Pin Plastic SOJ #2 LB 12-19 
20-Pin Plastic ZIP Vv 12-10 
puPD424101 26/20-Pin Plastic SOU #2 L 12-19 
20-Pin Plastic ZIP V . 12-10 
uPD424102 26/20-Pin Plastic SOJ.#2 LB 12-19 
20-Pin Plastic ZIP Vv 12-10 
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Device/Package Cross Reference (cont) 


Part Number 
uUPD424256 


UPD424258 


uUPD424266 


yPD424268 


uPD424400 
uPD424402 
uPD424410 
uPD424412 
yPD424800 
pPD42505 


MPD42532 
uPD42601 


uPD431000 


HPD431000A 


yPD431001 
pPD431004 
pPD43251 


uPD43254 
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Package 

20-Pin Plastic DIP 
26/20-Pin Plastic SOJ #1 
20-Pin Plastic ZIP 

20-Pin Plastic DIP 
26/20-Pin Plastic SOU #1 
20-Pin Plastic ZIP 

20-Pin Plastic DIP 
26/20-Pin Plastic SOJ #1 
20-Pin Plastic ZIP 

20-Pin Plastic DIP 
26/20-Pin Plastic SOJU #1 
20-Pin Plastic ZIP 

26/20 -Pin Plastic SOJ #2 
20-Pin Plastic ZIP 
26/20-Pin Plastic SOJ #2 
20-Pin Plastic ZIP 
26/20-Pin Plastic SOJ #2 
20-Pin Plastic ZIP 
26/20-Pin Plastic SOU #2 
20-Pin Plastic ZIP 

28-Pin Plastic SOJ 
28-Pin Plastic ZIP 

24-Pin Plastic DIP #1 
28-Pin Plastic ZIP 

40-Pin Plastic DIP 
26/20-Pin Plastic SOJ #1 
20-Pin Plastic ZIP 

32-Pin Plastic DIP 

32-Pin Plastic Miniflat 
$2-Pin Plastic DIP 

32-Pin Plastic Miniflat 
32-Pin Plastic TSOP (Normal Leads) #2 
32-Pin Plastic TSOP (Reverse Leads) #2 
28-Pin Plastic SOJ 
28-Pin Plastic SOJ 
24-Pin Plastic DIP #4 
24-Pin Plastic SOJ 
24-Pin Plastic DIP #4 
24-Pin Plastic SOJ 


Ordering 
Designation 


Cc 
LA 
V 


LA 
V 


LA 


LA 


LB 


LB 


LB 


LB 


LE 


< 


LA 


GW 
CZ 
Gw 
GZ-KJH 
GZ-KKH 
LE 
LE 


LA 


LA 


NEC 


Page 

12-9 
12-19 
12-10 

12-9 
12-19 
12-10 

12-9 
12-19 
12-10 

12-9 
12-19 
12-10 
12-19 
12-10 
12-19 
12-10 
12-19 
12-10 
12-19 
12-10 
12-23 
12-24 
12-13 
12-24 
12-35 
12-19 
12-10 
12-29 
12-31 
12-29 
12-31 
12-32 
12-34 
12-23 
12-23 
12-14 
12-18 
12-14 
12-18 


NV E Cc Packaging Information 


Device/Package Cross Reference (cont) 





Ordering 
Part Number Package Designation Page 
UPD43256A 28-Pin Plastic DIP #2 Cc 12-21 
28-Pin Plastic Miniflat #2 GU 12-23 
32-Pin Plastic TSOP (Normal Leads) #1 GX-EJA 12-32 
32-Pin Plastic TSOP (Reverse Leads) #1 GX-EKA 12-33 
uUPD43256B 28-Pin Plastic DIP #2 Cc 12-21 
28-Pin Plastic Miniflat #2 GU 12-23 
32-Pin Plastic TSOP (Normal Leads) #1 GX-EJA 12-32 
32-Pin Plastic TSOP (Reverse Leads) #1 GX-EKA 12-33 
uPD43258 28-Pin Plastic DIP #3 CR 12-21 
28-Pin Plastic SOJ LA Not available at time of print 
uUPD4361 22-Pin Plastic DIP Cc 12-10 
22-Pin Ceramic LCC K 12-11 
HPD4362 22-Pin Plastic DIP Cc 12-10 
UPD4363 24-Pin Plastic DIP #4 Cc 12-14 


uPD46251 24-Pin Plastic SOJ LA 12-18 
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Packaging Information. 


16-Pin Plastic DIP 


Item 


ZLIOpn! V JO;a|yS 


Alea} — 


* 


=| = j- 


P 


Millimeters 
20.32 max 
1.27 max 
2.54 (TP) 


0.50 +0.10 


1.2 min 
3.2 0.3 
0.51 

4.31 
5.08 
7.62 

6.7 


0.25 


0.25 
1.0 min 


+ 0.10 
~ 0.05 


* Item K to center of leads 
when formed parallel. 


P{6C-100-300SA 


.010 


.010 
.039 min 


Inches 


.800 max 
.050 max 
-100 (TP) 


+ .004 


.020 ~ 005 
.047 min 
-126 +.012 
.020 min 
-170 max 
.200 max 
.300 (TP) 
.264 


+ 004 
— .003 


18-Pin Plastic DIP #1 


Item 


vwl2] = {[-[AJel]—lzlalmn| o lojal> 


Millimeters 
22.86 max 
1.27 max 
2.54 (TP) 


0.50 +0.10 


1.2 min 

3.2 £0.3 
0.51 min 
4.31 max 
5.08 max 
7.62 (TP) 


6.7 
+0.10 
0.25 _ 9.05 


0.25 
1.0 min 


* Item K to center of leads 
when formed parallel. 


Inches 


-900 max 
.050 max 
.100 (TP) 


020 


+ .004 
— .005 


.047 min 
-126 + .012 
.020 min 
-170 max 
.200 max 
.300 (TP) 


264 








49NR-674B (2/90) 


0~15° 


a 
oe oe BUUSEUNDIGR 
— ny 


P18C-100-300SA as 


49NR-507B 
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18-Pin Plastic DIP #2 


Millimeters 
22.86 max 
1.27 max 
2.54 (TP) 


0.50 +0.10 


1.2 min 
3.2 +0.3 
0.51 min 
4.31 max 
5.08 max 
7.62 (TP) 
7.35 


+ 0.10 
- 0.05 


A 
B 
Cc 
D 
F 
G 
H 
I 
J 
K 
L 
M 


0.25 
0.25 


2 


* Item K to center of leads 
when formed parallel. 


P18C-100-300WA 


18-Pin Cerdip 


Millimeters 
22.86 max 
1.27 max 
2.54 [TP} 


0.46 + .05 


4.42 min 
3.50 +.30 
0.51 min 
3.95 
5.08 max 
7.62 [TP] 
6.60 


0.25 +.05 


0.89 min 
0.25 


P18DH-100-300A 


Inches 


.900 
.050 
100 


.020 


.047 
126 
.020 
170 
.200 
300 
.289 


.010 
.010 








max 
max 
(TP) 


+ 004 
— .005 


min 
+.012 
min 
max 
max 


(TP) 


+ .004 
— .003 


49NR-657B (1/90) 


Inches 

900 max 
.050 max 
100[TP] 


+ .003 
- 002 


.055 min 
-138 +.012 
020 min 
156 

.200 max 


300 [TP] ae 


.260 i AA 
aaa Py CE ee Ce Ee Co Lyd 
+. 


—.003 


018 


.010 


035 min 


010 
0~15° 


83H-6063B (6/89) 
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18-Pin Plastic Leaded Chip Carrier 


Millimeters 
13.4 40.2 


12.5 
7.4 


8.3 £0.2 


3.71 +0.15 


0.6 


© |] m 


3.5 40.2 


x= 


2.4 £0.2 


0.8 min 

2.6 

1.27 (TP) 
0.7 

0.40 40.10 
0.12 

11.68 +0.20 
0.15 


0.8 rad 


+0.10 
0.20 ~0.05 


1.80 £0.15 


C jajo/ V2) Ss |rypApcj— 


6.60 +0.20 





P18L-S0A 49NR-675B (2/90) 


20-Pin Ceramic Flatpack 


Millimeters Inches 


+0.4 + 016 
ees 496 _ ‘004 


+ 0.4 + .016 
9.8 04 388 © ‘005 


29.0 1.142 
06 024 


1 

0.43 .169 

1.27 .050 

96 37 

0.13 .005 

2.18 max .086 max | es 
> Gc => H 


1.14 max .045 max 
a 
| 1 
aera ; 
ear te So ee Ae S| 
M T 


X20B-100A B3IH-5014B (7/89) 


c 
D 
G 
H 
J 
K 
M 
P 
T 
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20-Pin Plastic DIP 


Millimeters 
25.4 max 
1.27 max 
2.54 (TP) 


0.50 £0.10 


1.2 min 
3.2 +0.3 
0.51 min 
4.31 max 
5.08 max 
7.62 (TP) 
7.35 


+ 0.10 


0.25 _ 0.05 


0.25 
1.0 min 


A 
B 
Cc 
D 
F 
G 
H 
| 
J 
K 

L 
M 
N 
P 


* Item K to center of leads 
when formed parallel. 


P20C-100-300WA 


20-Pin Cerdip 


Item Millimeters 


A 25.4 max 
1.27 max 


QO [@ 


0.46 + 0.05 
1.42 min 
3.50 + 0.30 
0.51 min 
3.95 

5.08 max 


Cy-[X(Mjl[nNjo 


K 7.62 [TP] .300 [TP] 


L 7.32 


M 0.25 + 0.05 


N 0.89 min 
P 0.25 


P20DH-100-300A 





Inches 
1.00 max 
.050 max 


2.54 [TP] 100 {TP} 


.018 + .002 
055 min 
138 +.012 
.020 min 
156 

200 max 


288 


+.002 
010 ~003 


035 min 
010 





0-15° 


49NR-5118 
(5/89) 


83H-6194B 
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20-Pin Plastic ZIP 


Item Millimeters Inches 


A 26.67 max 1.050 max 


+ .004 
0.5 +0.1 020 _ ‘005 


0.25 010 
2.54 -100 
1.27 .050 


1.27 max .050 max 
1.0 min .039 min 


8.9 max .350 max 


+ .009 
— .008 


10.16 max -400 max ayliay 
0.25 +0.10 010 + 004 
We ea 


2.8 +0.2 -110 


~ 0.05 — .003 
2.54 -100 
3.3 £0.5 .130 + .020 


<|s| < Jo} z jz/xj/cl—-|/zjo| a 





P20V-254-400A 49NR-620B (11/89) 
22-Pin Plastic DIP 


Item Millimeters inches 
27.94 max 1.100 max 
1.27 max .050 max 
2.54 (TP) .100 (TP) 


+ .004 
~ .005 


1.2 min .047 min 
3.2 +0.3 126 +.012 
0.51 min .020 mi 
4.31 max .170 

5.08 max .200 

7.62 (TP) -300 

7.35 .289 


+0.10 
0.25 ~0.05 
0.25 


P 0.9 min 


* Item K to center of leads \ 
when formed parallel. 


> 


0.50 +0.10 .020 





IloOyn! oO |OQ;a 


| 
J 
K * 


.010 


2, = |- 


P22C-100-300WA 49NR-614B (10/89) 
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22-Pin Ceramic LCC 
Item Millimeters Inches 
A 12.45 +.35 ‘490 + .014 
eB 14a 
“Cc 229 0990 
“Dp 64 025 
EB 7374.35 —.290+.014 - 
FE 427,.~—~—~<“<i*‘«COS” 
 G~ -226max 089 max 
H 440,,~—~—~C~SSSC*” 
“1. 762 300. 
J. 381 150 
K 3 rad “o12rad 
“L .2rad (908 rad 











83-003578B 











12-11 











Packaging Information E 





24-Pin Ceramic Flatpack 


Item Millimeters Inches 
A 28.5+1.0 1.122 + .040 
9.6 378 
9.6 _ 378 
28.5+1.0 1.122 + .040 
1.62 064 


+.004 
0.4+£0.1 016 005 


1.27 (TP) .050 (TP) 
9.45+1.0 872 + 40 


+0.10 +.004 
0.15 "5.05 998 _‘og2 


0.25 010 
2.6 max -103 max 


Note: 


(1) Each lead centerline is located 
Within 0.25 mm (0.010 Inch) of 
its true position (TP) at maximum 
material condition. 


=o 
| 





83YL-7323B 
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24-Pin Plastic DIP #1 





Item Millimeters 
33.02 max 
2.54 max 
2.54 (TP) 


0.50 £0.10 


1.2 min 
3.5 £0.3 
0.51 min 
4.31 max 
5.08 max 
7.62 (TP) 
6.4 


+ 


+ 0.10 
0.25 = 0.05 


0.25 
1.0 min 


viz] = Ir }Ale]-jzioalm| o Jolal> 


* Item K to center of leads 
when formed parallel. 


P24C-100-300A 


.020 


010 


Inches 
1.300 max 


-100 max 
.100 (TP) 


+ 004 
— .005 


.047 min 


138 4.012 


.020 min 
-170 max 


.200 max 
-300 (TP) 


.252 


+ .004 
~ 003 


.010 


.039 min 


49NR-6198 (11/89) 











[1] Each lead centerline is located 
within 0.25 mm [.010 inch] of its true 


24-Pin Plastic DIP #2 
item Millimeters Inches 
A 30.48 max 1.200 max 
Bs 4.27max. 050 max” 
C  254(TP]  100([TP] 
D 0.504010  — .020 7-008 
F 12min 047 min | 
G  32+03 126 + .012 
H 0.51 min “020 min 
1 4.31 max 170 max K 
J 5 08 max 200 max L 
K 10.16 [TP] 400 [TP] 
L 8.6 339 
M oe hie: “010 ane rly 
N 0.25 010 
Notes: | iM 


condition. 
[2] Item “K” to center 
formed parallel. 
P24C-100-400A1 





position [TP] at maximum material 


ee a ord \- 


0-15° 
of leads when ' 





83-003627B 
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Packaging Information 


















































24-Pin Plastic DIP #3 

Item Millimeters Inches 

A 33.02 max 1.300 max 

B 2.54 max 100 max 

c 2.54 [TP] 100 [TP] 

D 0.50+0.10  .020 *-08 

F 1.2 min .047 min 

G 3.5+0.3 138 + .012 

H 0.51 min -020 min 

I 4.31 max 170 max 

J ~ 5.72 max .226 max 

K 15.24 [TP] -600 [TP] 

L 13.2 -520 

M 0.25 +010 coro +008 

N 0.25 .010 

Notes: 

[1] Each lead centerline is located 
within 0.25 mm [.010 inch] of its 
true position [TP] at maximum 
material condition. 

(2] Item “K” ‘to center of leads when 





formed parallel. 


P24C-100-600 


E 








83-001950B 





24-Pin Plastic DIP #4 


Item 


> 


XLlOoyny; oO /OQ}a 


I 
J 
K * 


Zi = |- 


Pp 


Millimeters 
30.48 max 
1.27 max 
2.54 (TP) 


0.50 +0.10 


1.1 min 

3.2 +0.3 
0.51 min 
4.31 max 
5.08 max 
7.62 (TP) 
7.35 | 


+0.10 
0.25 ~0.05 
0.25 


0.9 min 


* Item K to center of leads 
when formed parallel. 


P24C-100-300WA 


12-14 


Inches 
1.200 max 
.050 max 
.100 (TP) 


+ .004 
020 _ ‘005 


.043 min 
.126 +.012 
.020 min 
-170 max 
.200 max 
.300 (TP) 
.289 


010 
.010 


+ .004 


— .003 - 


ie 


0-15° 


49NR-590B (9/89) 





E Packaging Information 





24-Pin Ceramic DIP 





Millimeters Inches 
33.02 max 1.30 max 
2.54 max -100 max 
2.54 [TP] 100 [TP] 
0.46+0.05  .018+.002 
1.25 min .049 min 
3.504030 138.012 
0.51 min 020 min 
2.74 108 

4. 57 max 180 max 
10.16 [TP] .400 [TP] 
10.0 394 


0.25 +0.05 010 093 | 
1.00 min 039 min HHH HHH | HH \ 
0.25 010 J : 7 


{1] Each lead centerline is located 

within 0.25 mm [.010 inch] of its true B 

position [TP] at maximum material Ky P | P Cw) | ic) 
condition. 


[2] Item “K” to center of leads when 
formed parallel. 





> 


B 
Cc 
D 
F 
G 
H 
I 

J 
K 
L 
M 
N 
- 





Notes: 


83-003579B 
























































24-Pin Cerdip #1 
— 
Item Millimeters Inches 
A 33.02 max 1.300 max 
B 2.54 max -100 max , 
c 2.54 [TP] .100 [TP] 
D 0.46 + 0.05 .018 +.002 
F 1.42 min .055 min 
G 3.5+0.3 .138 + .012 
H 0.51 min 020 min Lik] 
I 3.80 .150 L 
J 5.08max _—_—«.200 max [ ‘ | 
K 7.62 [TP] .300 [TP] 
L 7.32 .288 
M 0.25+0.05 010 +002 
P 0.25 .010 









P24DH-100-300A 83-006012B 
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Packaging Information KE 


24-Pin Cerdip #2 





Millimeters Inches 
33.02 max 1.300 max 
2.54 max -100 max 
2.54 [TP] -100 [TP] 


+.004 
0.50 + 0.10 .020 —005 


1.2 min .047 min 
3.5+0.3 138 + .012 
0.51 min 020 min 
3.80 150 

5.08 max . .200 max 
10.16 [TP] 400 [TP] 
9.70 38200—~COt™~” 





> 



































+.002 
0.254005 010 "998 


0.89 min. 035 min 
0.25 010 


Notes: | \e 


{1] Each lead centerline is located 
within 0.25 mm [.010 inch] of its 
true position [TP] at maximum 
material condition. 

[2] Item “K” to center of leads when 
formed parallel. 





2 2 /F KISe(T|TlO(F oO |a|o 





v 





P24DH-100-400A 83-005012B 





24-Pin Cerdip #3 


Item Millimeters Inches 
33.02 max 1.300 max 
2.54 max .100 max 
2.54 (TP) .100 (TP) 
0.46 +0.05 .018 + .002 
1.42 min .055 min 
3.5 +0.3 -138 +.012 
0.51 min .020 min 
3.80 .150 

5.08 max .200 max 
7.62 (TP) -300 (TP) 
7.32 .288 


0.25 +0.05 .010 


0.25 .010 
s 4.6 dia .181 dia 


> 


XIDO|NjojoO\|o 


I 
J 
K ” 


+ .002 
— .003 


2) = \)- 


* Item K to center of leads 
when formed parallel. 





P24DW-100-300A 49NR-709B (3/90) 
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Packaging Information 





24-Pin Plastic Miniflat 


Item Millimeters Inches 
A 16.51 max .650 max 

B 1.27 max .050 max 

Cc 1.27 (TP) .050 (TP) 
D 


+ .004 
0.40 +0.10 016 _ ‘905 


+0.2 
0.1 974 .004 


+ .008 
— 004 


2.5 max -099 max 
2.00 .079 


12.2 0.3 aie 
84 331 
1.9 075 
+0.10 
- 0.05 


0.9 +0.2 .035 


0.15 006 * 


0.12 .005 


49NR-513B 
P24GM-50-450A (4189) 





24-Pin Ceramic LCC 








Item Millimeters Inches 
8.51 +0.4 -335 +.016 





~~” 035 +.008 
202 
+.005 


025 _'o04 


200 
050 
.079 max 
~ 8.51 £0.4 335 +.016 
1.4 .058 
4.02 .040 
0.2R ~ 008R 
“0.3R , 012R 





83-003582B 
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Packaging Information f 





24-Pin Plastic SOJ 


item Millimeters Inches 


+ 0.20 + .008 
16.13 635 013 


~- 0.35 
7.57 .298 


+ 009 
8.47 + 0.20 333 ~ 008 


+ 006 
1.08+0.15 043 — ‘007 


0.6 024 
3.54 0.20 138 + .008 


E 
F 
G 
H 


+ 009 
094° ‘008 


0.8 min .031 min 
2.6 102 
1.27 [TP] .050 [TP] 


+ .004 
0.40 0.10 016 | O05 


2.4 + 0.20 


0.12 005 

6.73 + 0.20 .265 + .008 
0.15 .006 

R 0.85 R .033 


+ 0.10 + .004 
0.20_ 9.05 008 "002 


Cc |JAlolviz| = |Afej- 





831H-5851B 
24-Pin Plastic ZIP 


Item Millimeters Inches 


A 31.75 max 1.250 max 


+ .004 
0.5 +0.1 020 * ‘O95 


0.25 010 
2.54 .100 
1.27 .050 
1.27 max .050 max 
1.0 min .039 min 
8.9 max .350 max 


+ .009 
-110 ~ ‘ogg 


10.16 max -400 max 


+0.10 + .004 
0.25 ~ 0.05 010 ~ ‘003 


2.54 -100 
3.3 40.5 -130 +.020 


2.8 £0.2 


F 
G 
H 
I 
J 
K 
M 
N 
Q 
Vv 
Ww 
Y 





P24V-254-400A 49NR-642B (11/89) 
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Packaging Information 





26/20-Pin Plastic SOJ #1 


a eT 
Item Millimeters Inches 


70.2 +008 
—0.35 685 _ 13 


7.57 .298 


17.4 


.009 
— .008 


.006 
1.08 +0.15 043 _ (997 


0.6 024 
3.5 40.2 -138 +.008 


+ .009 
—-.008 


0.8 min .031 min 
2.6 -102 
1.27 (TP) .050 (TP) 


+ .004 
~ .005 


8.47 £0.2 © 333 


x= IDin| m 


2.4 +0.2 094 


= yAl[cl{-— 


0.40 +0.10 .016 


0.12 .005 

6.73 £0.20 .265 +.008 
0.15 .006 

0.85 rad .033 rad 


+0.10 +004 
—0.05 008 ‘002 


* Item P to center of leads. 
P26LA-50A 49NR-651B (12/89) 


c jajol|V\z 


0.20 





26/20-Pin Plastic SOJ #2 


Item Millimeters Inches 


+0.2 + .008 
17.4 _ 9.35 685 _ 013 


8.89 .350 
9.78 +0.2 385 +.008 


+ .006 


1.08 +0.15 043 * O05 
0.6 024 


+ .008 
— .007 


+ .009 
~— .008 


0.8 min .031 min 
2.7 -106 
1.27 (TP) .050 (TP) 


+ 004 
— .005 


3.6 +0.2 142 


=x 


2.45 +0.2 .096 


| 
J 
K 
M 


0.40 £0.10 016 
0.12 005 


Viz 


* 


+ .008 
8.06 +0.20 317 ~ 007 
0.15 .006 

0.85 rad .033 rad 


+0.10 + .004 
0.20 _ 0.05 —.002 


* Item P to center of leads. 
P26LB-350A 49NR-673B (2/90) 


Cc {Ajo 


008 
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Packaging Information E 





28-Pin Ceramic Flatpack 


Millimeters Inches 
17.5 689 
9.84 387 
29.0 4.142 
0.50 .020 


a 
3 


0.43 017 
1.27 [TP] .050 [TP] 
9,58 377 
0.15 006 
2.18 max .086 max 
1.14 max 045 max 


Ajvjel/A[cl([cloajol/o[w 


X28B-100A 83IH-4510B (5/89) 





28-Pin Plastic DIP #1 


Millimeters Inches 
35.56 max 1.400 max 
1.27 max .050 max 
2.54 (TP) -100 (TP) 


+ 004 
0.50 £0.10 020 * ‘oor 


1.4 min .043 min 
3.5 a0 .138 Palle ieee 
0.51 min .020 min 
4.31 max .170 max 
5.72 max .226 max 
410.16 (TP) .400 (TP) 


8.6 839 (Weim ss. etal. wit teen a a 
“ene 928 NTI OOO OOO DUD UO! |’ 
0.9 min .035 min 
pe OS SON S 
* Item K to center of leads | i H 
zs a 


* 


of2j = [-[AicjJ—-jzloal|nl o folwl> 


when formed parallel. 


D 


P28C-100-400 49NR-622B (11/89) 
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E 


28-Pin Plastic DIP #2 


Item 


TOiny oO [O]|wol> 


* 


Alel— 


= ir 


N 


Millimeters 
38.10 max 
2.54 max 
2.54 (TP) 


0.50 £0.10 


1.2 min 
3.6 40.3 
0.51 min 
4.31 max 
5.72 max 
15.24 (TP) 
13.2 


+0.10 
0.25 —005 


0.25 


* Item K to center of leads 
when formed parallel. 


he 


M 


P28C-100-600A1 


Le] 


L 


28-Pin Plastic DIP #3 


Miltimeters Inches 


35.56 ma 
1.27 max 


1.2 min 
3.2 +0.3 
0.51 min 
4.31 max 
5.08 max 
7.62 (TP) 
6.7 


* 


0.25 
1.0 min 


w/z] = [e-|Aicl|-jzloln! o Jolal> 


0.50 £0.10 .020 


x 1.400 max 
.050 max 


2.54 (TP) 100 (TP) 


+ .004 
~ 005 


.047 min 
126 4.012 
.020 min 
-170 max 
.200 max 
.300 (TP) 
.264 


+ 0.10 + .004 
0.25 -0.05 .010 — (003 


.010 
.039 min 


* Item K to center of leads 
when formed parallel. 


P28C-100-300SA 


Inches 
1.500 max 
-100 max 


.100 (TP) 


+ .004 


020 _ 'oo5 


.047 min 
+.012 


.020 min 


max 


.226 max 
-600 (TP) 


-520 


+ .004 
— .003 


Packaging Information 


49NR-514B8 
(5/89) 





49NR-621 (11/89) 
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Packaging Information 





28-Pin Cerdip 





Item Millimeters Inches 
38.10 max 1.50 max 


2.54 max 100 max 








254 (TP] AO [TP] 


+.004 
0.50 + 0.10 020 _‘o95 


1.20min 047 min. 
3.50 + 0.30 138 + .012 
0.51 min -020 min 


4.00 157 
5.08max —-.200 max 
1046 {TP!  .400 (TP) 
965 — 




















= honh}_— 
MIB Oe OOP oe wae ao 





Q 0.25 010 


Notes: 
{1] Each lead centerline is located 
within 0.25 mm [.010 inch] of its true 
position [TP] at maximum material 
condition. 
[2] Item “K” to center of leads when 
formed parallel. 
P28DH-100-400A : ; 83-0050158 








28-Pin Plastic Miniflat #1 


Item Millimeters Inches 

A 19.05 max -750 max 
1.27 max .050 max 
1.27 (TP) .050 
0.40 +0.10 .016 


+0.2 
0.1 _ 94 .004 


2.5 max .099 
2.00 .079 


11.8 £0.3 465 


8.4 331 


17 067 
OMe nine 006 * 


0.7 +0.2 .028 


P28GM-50-450A1 49NR-623B (11/89) 


0.12 -005 
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Packaging Information 





28-Pin Plastic Miniflat #2 


Item Millimeters Inches 
A 19.05 max .750 max 
4.27 max .050 max 
1.27 (TP) .050 (TP} 


+ 004 
0.40 +0.10 016 * O66 


.005 
0.1 +0.1 3 ‘004 


3.0 max . max 
2.55 


11.8 40.3 


8.4 
1.7 


+ 0.10 
0.15 0.05 


0.7 +0.2 
0.12 


P28GM-50-450A2 49NR-635B (11/89) 





28-Pin Plastic SOJ 


Item Millimeters Inches 


+ 0.20 + .008 
B 18.67 0.35 735 * 013 


Cc 10.16 .400 


+ .006 
D 11.18 40.20 .440 ~ 007 


+ .006 
1.08 +0.15 043 | ‘007 


0.6 .024 
+ 006 
138 * ‘007 


+ .006 
2.4 £0.2 .094 — 007 


0.8 min .031 min 
2.6 .102 
1.27 (TP) .050 (TP) 


+ 004 
een eee A aap See = 
“Sy 


3.5 £0.2 





=x 


U 


| 

J 
K 
M 
N 


0.12 .005 


+ .006 
— .007 


7, 
* 


9.40 + 0.20 .370 


0.15 .006 
0.85 rad .033 rad 


+ 0.10 + .004 
0.20 0.05 .008 ~ 002 


Cc j|Alo 


* Item P to center of leads. 
P2BLA-400A-1 49NRA-690B (2/90) 








12-23 


Packaging Information NV. E C 


28-Pin Plastic ZIP 


Millimeters Inches 


36.83 max 1.450 max 


+ .004 
0.5 +0.1 .020 — 005 


0.25 .010 
2.54 .100 
1.27 .050 
1.27 max .050 max 
41.0 min .039 min 
8.9 max .350 max 


+ 009 
— .008 


10.16 max .400 max 


+010 — + .004 
0.25 ~0.05 .010 ~ 003 


2.54 100 
3.3 +0.5 -130 + .020 


2.8 +0.2 -110 


F 
G 
H 
| 
J 
K 
M 
N 
Q 
Vv 
WwW 
Y 





P28V-254-400A 49NA-702B (3/90) 


30-Pin SIMM (Leaded) #1 















Item Millimeters Inches 











A 80.3+0.5 3.161 ares 
B ; ~ 24.6 max 7 “851 max 
C  -2.54[TP] «100 [TP] 
D ~—s0.50” (020 

E 5.5 max ans “217 max 

F 0.25, .010 

G 3440.7  .134+.028 
H 20.0 787 








83-004477B 
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NEC 


30-Pin SIMM (Leaded) #2 


Item = Millimeters Inches 
A 88.9 +0.13 3.500 +.005 
B 82.14 40.13 3.234 +.005 
F 0.5 .020 
G 10.16 £0.13 .400 +.005 
H 2.54 -100 
! 6.35 £0.13 .250 + .005 
J 2.03 +0.13 .080 + .005 
K 7.62 £0.13 .300 +.005 
M 24.03 40.13 .946 +.005 
N 5.28 max .208 max 
P 1.57 rad 062 rad. 
Q 26.28 max 1.035 max 
Ss 3.18 125 
40.13 dia + .005 dia 
Vv 0.25 010 
Y 3.4 £0.7 -134 + .028 
MG-424100A9A 
30-Pin SIMM (Leaded) #3 


Millimeters Inches 


80.3 + 0.5 3.161 


+.021 
—.020 








21.6 max .851 max 





2.54 [TP] 100 [TP] 





0.50 


-020 





5.5 max .217 max 





0.25 


-010 





3.44 0.7 134 + .028 





20.0 


.787 





Packaging Information 





49NR-707B (3/90) 





83-004357B 
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Packaging Information 





30-Pin SIMM (Leaded) #4 


Item 


QOVIZISIAlCl[~/Lj{Ol|niwl»> 


V 
Y 


Millimeters 
88.9 +0.13 
82.14 £0.13 
0.5 

10.16 +0.13 
2.54 

6.35 +0.13 
2.03 +0.13 
7.62 £0.13 
24.03 +0.13 
5.28 max 
1.57 rad 
26.28 max 


3.18 
+£0.13 dia 


0.25 
3.4 £0.7 


MC-424100A8A, 


Item Millimeters 


A 


88.90 + 0.5 
20.0 


| 
| 


5.28 max 


10.16 


_254 [TP] | 


4.27 + 0.15 


Inches 
3.500 + .005 
3.234 +.005 
.020 
.400 +.005 
.100 
.250 +.005 
.080 +.005 
300 + .005 
946 +.005 
.208 max 
.062 rad 
1.035 max 


125 
+.005 dia 


001 
134 + .028 





Inches 
3.500 + .020 
787 


- “208 max 


400 





6.35 


250 





82.14 


3.234 





3.18 dia 


-125 dia 


100 (TP 


.050 + .006 





0.2 


-008 





3.56 


-140 





3.5 


138 





2.03 


.080 





3.38 


-133 





O;/ViSpSliry Apel -;zalrmMgia:o 


7.62 


-300 
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49NR-703B (3/90) 


—o| 


F 





83-004478B 


N: EK Cc Packaging Information 


30-Pin SIMM (Socket Mountable) #2 








Millimeters Inches 
88.90 + 0.5 3.500 + .020 
20.0 787 
2.54 [TP] 100 [TP] 
1.77 .070 

5.28 max .208 max 
1.27 + 0.15 .050 + .006 
10.16 400 

6.35 .250 

82.14 3.234 

3.18 dia -125 dia 
0.2 .008 

3.56 140 

3.5 138 

2.03 .080 

3.38 -133 

7.62 -300 


5 
3 





> 















































B 
c 
D 
E 
F 
G 
H 
! 

J 

K 
L 
M 
N 
P 
Q 





83-004358B, 


Millimeters Inches 
88.90 3.500 
16.80 max -661 max 
2.54 -100 

1.78 .070 
5.08 max -200 max 
1.27 + .08 .050 + .0032 
10.16 400 

6.35 -250 
82.10 3.232 
3.175 dia -125 dia 





























ei-|z/ oe) a)m o/o w/>/é 





83-003210B 
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Packaging Information 





30-Pin SIMM (Socket Mountable) #4 





Item _—_‘Millimeters 
88.9 +0.13 
82.14 +0.13 
1.78 

10.16 +0.13 
2.54 

6.35 +0.13 
2.03 +0.13 
7.62 +£0.13 
0.25 max 
24.03 +0.13 
5.28 max 
1.57 rad 


3.18 
'£0.13dia 


+0.10 . 
T 1.27 -~0.08 


MC-424100A9B 


OVI Zl=ZIrlAJo]—jLIO|njol> 


Item Millimeters 
88.9 $0.13 
82.14 +0.13 
1.78 

10.16 +0.13 
2.54 

6.35 +0.13 
2.03 40.13 
7.62 +0.13 
0.25 max 
24.03 +0.13 
5.28 max 
1.57 rad 


3.18 
+0.13 dia 


> 


OVlZSISIr [Ale j—}|LI[Ojnio 


+0.10 
T 1.27 0.08 


MC-424100A8B 


Inches 
3.500 +.005 
3.234 +.005 
.070 
.400 + .005 
-100 
.250 +.005 
.080 + .005 
.300 +.005 
.010 max 
946 +.005 
.208 max 
.062 rad 
-125 


* £005 dia 


+ .004 
050 ~ ‘003 


Inches 
3.500 + .005 
3.234 +.005 
.070 
400 +.005 
-100 
.250 +.005 
.080 +.005 
300 +.005 
.001 max 
946 + .005 
.208 max 
.062 rad 


125 
+.005 dia 


+ .004 
050 * ‘003 


ttem Millimeters Inches 


88.90 


3.500 





16.80 max 


-661 max 





2.54 


-100 





4.78 


-070 





5.08 max 


“200 max 





4,274.08 «050+ .0032 





10.16 


400 





6.35 


250 





3.175 dia 


3,232 — 
125 dia 
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"49NR-708B (3/90) 


49NR-705B (3/90) 





83-003212B 


NEC 


30-Pin SIMM (Socket Mountable) #7 


Millimeters 
88.90 
16.80 max 
2.54 

1.78 

5.08 max 
1.27 +.08 
10.16 
6.35 
82.10 
3.175 dia 


> 


B 
Cc 
D 
E 
F 
G 
H 
I 

J 


32-Pin Plastic DIP 


Item Milllmeters 
A 40.64 max 
1.27 max 
2.54 [TP] 


Oo join 


0.50 £0.10 


1.1 min 
3.2+0.30 
0.51 min 
4.31 max 
5.08 max 


F 
G 
H 
I 
J 
K 


13.2 


+ 0.10 


02> - 0.05 


0.9 min 
0.25 


vlz) = |r 


P32C-100-600A 


Inches 
3.500 
.661 max 
-100 

.070 

.200 max 
.050 +.0032 
.400 

.250 
3.232 
.125 dia 





Inches 

1.60 max 
.050 max 
-100 [TP] 


+ .004 
—- .005 


.043 min 
126 + .012 
.020 min 
-170 max 
.200 max 


.020 


15.24 [TP] .600 [TP] 


520 


+ .004 


010003 


.035 min 
.010 


1 EO) 





Packaging Information 


a 


831H-6133B 


831H -5818B (9/89) 
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32-Pin Cerdip #1 

Item Millimeters Inches 

A 43.18 max 1. 700 max 

B 2.54 max 100 max . 

c 2.54 [TP] 100 [TP] 

D 0.50+010 .0207- a 

F 12min 047 min 

G “35403 138 + .012 

H' 0. 51 min 7 020 min 

I 3.80 “150 

J 5.08max  .200 max. 

K “15.24 [TP] .600 [TP] 

L 14.66 S77” 

M 0.25+0.05 010 *-002 

N 0.25 010 

S ¢ 9.66 ¢ 380 HHH HRY HHER HHH 

Notes: 

[1] Each lead centerline is located 
within 0.25 mm [.010 inch] of its 
true position [TP] at maximum 
material condition. = Tn @] M 0~ 15° 


[2] Item “K” to center of leads when 
formed parallel. 


P32DW-100-600WA1 





83-005013B 


32-Pin Cerdip #2 














































































Item Millimeters Inches 
A 43.18 max 1.700 max 
B 2.54 max 100 max 
c 2.54 [TP] 100 [TP] 
+.004 
D 0.50 + 0.10 .020 —'005 
F 1.2 min .047 min 
G 3.5 + 0.3 138 + .012 
H 0.51 min .020 min 
I 3.80 150 
J 5.08 max .200 max 
K 15.24 [TP] -600 [TP] 
L 14.66 577 [k] 
+.002 L 
M 0.25 + 0.05 .010 003 | | 
N 0.25 .010 
x 12.50 492 HIH HH ia i! fl 
Y 8.50 335 4 H G 
z 4-R2.0 4-R0.079 ee 
Notes: a 
qh ~! \ 
[1] Each lead centerline is located ea 0~ 15° 
ria ‘i i pd I& M 

within 0.25 mm [.01 inch] of its , Rw 

true position [TP] at maximum 

material condition. 
[2] Item “K” to center of leads when 

formed parallel. 
P32DW-100-600WA2-1 83-005105B 
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E Packaging Information 





32-Pin Cerdip #3 



















Millimeters Inches 
























































A 43.18 max 1.700 max 

B  254max 100max 

C —2.54[TP] 100 [TP] 

D 0.50 +010 — .020 7-008 

Fo 42min. 047 min 

G 3.5+0.3 138 + .012 

H 0.51min 020 min 

i 3.80 150 : 

J 5.08 max -200 max 

K 15.24[TP] 600 [TP] 

L 14.66 ‘577 

M 0.25+0.05 —.o10 *-902 

N 0.25 | 0100C 

x 16.50 650 

Y “7.50 1295 

ra 4-R2.0 4-R0.079 

Notes: 

(1] Each lead centerline is located 
within 0.25 mm [.01 inch] of its 
true position [TP] at maximum 





material condition. 
[2] Item “K” to center of leads when 
formed parallel. 


P32DW-100-600WA3-1 83-006189B 





32-Pin Plastic Miniflat 


Millimeters Inches 
20.61 max 812 
0.78 max .031 max 
1.27 [TP] .050 [TP] 


+0.10 +.004 
0.40 "0.05 016 003 


0.05 +0.05 .002 +.002 
2.85 max 113 max 
2.70 106 

14.10 40.3 555 +.012 
11.30 445 

1.40 .055 


+0.10 +.004 
0.20" 9 ‘gs 006" ns 


+.009 


0.80 £0.20 034 Goa 


P 0.12 005 


S32GM-50-525A-1 831H-6227B (7/89) 
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32-Pin Plastic TSOP (Normal Leads) #1 


Millimeters Inches 
8.2 max 323 

0.45 max .018 

0.5 (TP) .020 (TP) 
0.20 +0.10 .008 +.004 
1.05 

15.3 +0.2 .602 
13.7 .539 
0.8 +0.2 009 


.008 


+0.10 004 
9.125 905 004 


.009 
.008 


Enlarged detail 


0.5 +0.1 : nae of lead end 


0.08 

0.10 i 
14.3 +0.2 Ze | it 
0.05 +0.05 Q 
1.27 max 


49NR-601B (10/89) 


Millimeters Inches 
8.0 +0.05 .315 +.002 
TBD TBD 

0.5 +0.08 .020 + .003 
0.2 +0.1 -008 + .004 
0.97 .038 

20 +0.15 -787 + 006 
18.4 +0.05 .724 + 002 
0.8 +0.1 .031 +.004 
0.125 +0.01 .005 

0.5 .020 

0.08 .003 

0.1 .004 

TBD TBD 

0.08 +0.08 .003 + .003 
1.1. max - 043 max 


A 
B 
c 
D 
G 
H 
| 
J 
K 
L 
M 
N 
P 
Q 
S 


Enlarged detail 
of lead end 





49NR-737B (5/90) 
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Packaging Information 





32-Pin Plastic TSOP (Reverse Bent Leads) #1 


Millimeters 
8.2 max 
0.45 max 
0.5 (TP) 
0.20 +0.10 
1.05 


16.3 +0.2 
13.7 
0.8 40.2 


0.125 ee 


0.5 +0.1 


0.08 .003 

0.10 004 Enlarged detail 
14.3 40.2 -563 +.008 of lead end 
0.05 +0.05 .002 +.002 Q 5° +5° 
1.27 max -050 max | | 


—.005 





49NA-600B (10/89) 
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Packaging Information E 





32-Pin Plastic TSOP (Reverse Bent Leads) #2 


Item Millimeters Inches 
8.0 +0.05 .315 +.002 
TBD TBD 

0.5 +0.08 .020 + .003 
0.2 +0.1 .008 + .004 
0.97 .038 

20 +0.15 -787 + .006 
18.4 +0.05 .724 + .002 
0.8 40.1 .031 + .004 
0.125 +0.01 .005 

0.5 .020 

0.08 .003 

0.1 .004 

TBD TBD 

0.08 +0.08 .003 + .003 
1.1. max .043 max 


A 
B 
Cc 
D 
G 
H 
I 
J 
K 
L 
M 
N 
P 
Q 
Ss 


Enlarged detail 
of lead end 


Q 5° +3° 
Zia 


49NR-738B (5/90) 
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Packaging Information 











40-Pin Plastic DIP 
Item Millimeters Inches 
A 53.34 max 2.100 max 
B 2.54 max -100 max 
Cc 2.54 (TP) -100 (TP) 
+.004 
D 0.50 +0.10 020 O05 
F 1.2 min .047 min 
G 3.6 +0.3 -142 +.012 
H 0.51 min 020 min 
i 4.31 max .170 max 
J §.72 max .226 max 
K* 15.24 (TP) .600 (TP) 
L 13.2 520 
+0.10 +.004 
M 0.25 0.05 010 ~ 003 
N 0.25 .010 
* Item K to center of leads when 
formed parailel 
H 
Jf 
RUSgaye 
L 
G A 
Vane a ej 
Ln @)o 
—/ \e7 
Q~ 15° a 
P40C-100-600A 83vQ-61 40B (1/90) 
40-Pin Cerdip 








Item Millimeters Inches 

A 53.34 max 2.100 max 
2.54 max 100 max 
2.54 [TP] 100 [TP] 


+.004 
020 —'005 


.047 min 
138 + .012 


) 020 min 
3.80 [k] 


ics 5.08 max. .200 max 
= rae L 





0.50 + 0.10 


15.24 (TP] 600 [TP] ee 


0.25+0.05  .o10 1-002 


—.003 : ay 
ETT: A, 


(1] Each lead centerline is located ~ 15° 
within 0.25 mm [.010 inch] of its 
true position [TP] at maximum 
material condition. 
[2] Item “K” to center of leads when 
formed parailel. 


P40DW-100-600WA 83-003631B 
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40-Pin Plastic SOJ 


Item Millimeters Inches 


+ .02 
—.035 


10.16 -400 
11.18 £0.2 .440 +.008 


+ .006 
1.08 +015 048 * 97 


0.7 028 
3.5 40.2 -138 + .008 


+ .007 
2.4 £0.2 .094 — 008 


0.8 min .031 min 
2.6 .102 
1.27 (TP) .050 (TP) 


+ 004 
0.40 +0.10 .016 ~ (005 


5 + .008 


aa — 014 


1.03 


x=rlO\}anjml\oje) wo 


0.12 .005 

9.40 + 0.20 .370 +.008 
0.15 .006 

0.85 rad .033 rad 


+ 0.10 + .004 
0.20 9.95 998 _ ‘oo2 


se 
| 
ey 


ajoyUj2| = jalel— 


Cc 





* Item P to center of leads. 
P40LE-400A 49NR-700B (5/90) 





42-Pin Plastic DIP 


Millimeters Inches 

55.88 max 2.2 max 
2.54 max -100 max 
2.54 [TP] .100 [TP] 


+.004 
0.50 + 0.10 020 | 005 


1.2 min .047 min 
3.6 £0.30 142 +.012 
0.51 min -020 min 
4.31 max .170 max 
5.72 max .226 max 
15.24 [TP] .600 [TP] 
13.2 -520 


+ 0.10 +.004 
0.25 | 005 010 003 


0.25 min .01 min 


\ 


O~ 15° 





P42C-100-600A, B . . 831H-6028B (3/90) 
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Packaging Information 





52-Pin Plastic Miniflat 





Millimeters Inches 
21.04 + 0.4 .827 + .016 


+.009 
1440.2 551 "“oog 


1.0[TP] 039 [TP] 
+.004 
0.40+010 — .o16 1-008 


10 1039 




















+.008 
3.5 + 0.2 138 —'009 





+.008 
—.009 


+0.10 +.004 
0.15 _g'95 —--006 _ ‘og 


0.15 006 


+02 +.009 
J 26 1) 027009 


K | -Ooa+04 1004 + .004 


2.2+0.2 -087 

















Notes: 

(1] Each lead centerline is located 
within 0.20 mm [(.008 inch] of its 
true position [TP] at maximum 
material condition. 

[2] Flat within 0.15 mm [.006 inch] 
total. 











83-000932B 
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Packaging Information 





60-Pin IC Card 


Item Millimeters Inches 
54.0 +0.1 2.126 + .004 
61.5 2.421 
85.6 +0.2 3.370 + .008 
3.0 -118 
3.0 -118 
11.0 433 


+ 0.05 + .002 
3.47010 ‘4 _ ‘04 


3.0 40.15  .118 +.006 








Rm, COOD9D0000G000 
O90D00ODGCOG00090 


60 
49NA-736B (5/90) 
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64-Pin Plastic QFP 


Item Miilimeters Inches 
23.6 +0.4 929 +.016 


+ .009 
20.0 +0.2 795 * Cos 


+ .009 
14.0 +0.2 551 7 ‘008 


17.6 £0.4 693 + .016 
1.0 .039 
1.0 039 


+ 004 
0.40 +0.10 .016 —.005 


0.20 008 
1.0 (TP) .039 (TP) 


+ .008 
— .009 


+ 009 
~ .008 


+ 004 
— .003 


1.8 £0.2 071 


0.8 +0.2 031 


O45 nae 006 


0.15 .006 
2.7 -106 
0.1 £0.14 -004 +.004 
0.1 £0.14 .004 + .004 Enlarged detail of lead end 
3.0 max .119 max 

g |P 


| /\\ 


Q R 


P64GF-100-3B8, 3BE 49NR-59SB (9/89) 
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72-Pin SIMM (Socket Mountable) #1 





Item _—_ Millimeters Inches Item  Millimeters Inches 

107.95 +0.2 4.250 +.008 31.75 1.250 
101.19 +0.2 3.984 +.008 9.3 .366 

1.04 041 1.57 rad .062 rad 

10.16 .400 3.17 dia .125 dia 

1.27 .050 1.27 .050 

6.35 .250 3.38 .133 

2.03 .080 44.45 

6.35 .250 6.36 .250 

2.54 min .100 min 95.25 +0.1 


A 
B 
F 
G 
H 
I 

J 
K 
L 


<x Sl<iclAala!/s(zl= 





MC-42451 2A36BH/FH 49NR-716B (3/90) 
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N. E Cc Packaging Information 


72-Pin SIMM (Socket Mountable) #2 





Item _—_—“ Millimeters Inches . Item = Millimeters Inches 
107.95 +0.2 4.250 +.008 31.75: 1.250 

“B 101.19 +0.2 3,984 +.008 9.3 366 

1.04 .041 1.57 rad .062 rad 
10.16 .400 3.17 dia .125 dia 
1.27 -050 1.27 .050 

6.35 -250 3.38 .133 

2.03 .080 44,45 1.750 

6.35 .250 6.36 .250 

2.54 min -100 min 95.25 +0.1 3.750 + .004 


A 
B 
F 
G 
H 
l 
J 
K 
L 


Kx/Sl<[Cjalalvlzl= 





MC-422000A36BH/FH 49NR-712B (3/90) 
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72-Pin SIMM (Socket Mountable) #3 





{tem _ Millimeters Inches Item __— Millimeters Inches 
107.95 +0.2 4.250 +.008 31.75 1.250 
101.19 0.2 3.984 +.008 5.28 .208 

1.04 .041 1.57 rad .062 rad 

10.16 .400 3.17 dia 125 dia 

1.27 .050 1.27 .050 

6.35 -250 3.38 133 

2.03 .080 44.45 

6.35 .250 6.36 .250 

2.54 min 95.25 +0.1 


A 
B 
F 
G 
H 
| 
J 
K 
L 


<xfef<f[CljAla/vjZiz= 


MC-421000A36BH/FH 





49NA-743B (3/90) 
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E Packaging Information 





72-Pin SIMM (Socket Mountable) #4 


‘Item — Millimeters Inches Item _Miflimeters Inches 
107.95 +0.2 4.250 +.008 25.4 1.000 

“B 101.19 40.2 3.984 +.008 5.28 "208 

4.04 .041 1.57 rad .062 rad 

10.16 .400 3.17 dia .125 dia 

1.27 .050 1.27 .050 

6.35 .250 3.38 .133 

2.03 .080 44.45 1.750 

6.35 .250 6.36 .250 

2.54 min .100 min 95.25 40.1 3.750 +.004 


> 


B 
F 
G 

—H 
J 

“K 
L 


<lSl<[ClAlwmjyvjzl= 


MG-424256A36B/F 





49NR-711B (3/90) 
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Packaging Information NV E 


72-Pin SIMM (Socket Mountable) #5 





Item _‘Millimeters Inches Item _ Millimeters Inches 

107.95 +0.2 4.250 +.008 31.75 1.250 
101.19 +0.2 3984 +.008 5.28 .208 

1.04 .041 1.57 rad .062 rad 

10.16 -400 3.17 dia 125 dia 

1.27 1.27 .050 

6.35 .250 3.38 -133 

2.03 .080 44.45 1.750 

6.35 .250 6.36 .250 

2.54 min -100 min 95.25 +0.1 3.750 + .004 


H{LA[e[—f}L lO; nN woy> 
<x) S)<jCjaAlojujzj=z 


MC-4242S6A36BH/FH 





49NR-715B8 (3/90) 


12-44 


KE Packaging Information 





72-Pin SIMM (Socket Mountable) #6 


Item _ Millimeters Inches Item _‘ Millimeters Inches 

107.95 +0.2 4.250 +.008 25.4 4.000 
101.19 +0.2 3,984 +.008 9.3 366 

1.04 041 1.57 rad .062 rad 

10.16 -400 3.17 dia 125 dia 

1.27 .050 1.27 .050 

6.35 .250 3.38 .1383 

2.03 .080 44,45 1.750 

6.35 .250 6.36 .250 

2.54 min .100 min 95.25 +0.1 3.750 +.004 


> 


HAC |—-|xlO}| nyo 
<(El<|[Clalw/vjZzl= 





MG-424512A36B/F 49NR-710B (3/00) 
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Notes: 





NEC 


Notes: 


Notes: 








E 





FIELD SALES OFFICES 


EASTERN REGION 


901 Lake Destiny Drive 
Suite 321 

Maitland, FL 32751 
TEL: 407-875-1145 
FAX: 407-875-0962 


The Centre at Stirling 
and Palm 

9900 Stirling Road 
Suite 206 

Cooper City, FL 33024 
TEL: 305-436-8114 
FAX: 305-436-8116 


6625 The Corners Parkway 
Suite 210 

Norcross, GA 30092 

TEL: 404-447-4409 

FAX: 404-447-8228 


One Natick Executive Park 
Natick, MA 01760 

TEL: 508-650-4100 

FAX: 508-655-1605 


INTERNATIONAL 


SOUTH AMERICA 
NEC do Brasil S.A. 


Rua do Paraiso, 387 CEP 04103 
Paraiso, Sao Paulo-SP, Brasil 


TEL: 011-285-3366 (PABX) 
TLX: 1123689 

FAX: 011-251-5787 
EUROPE 


NEC Electronics 
[Germany] GmbH 
Oberrather Str. 4 
4000 Dusseldolf 30 
West Germany 
TEL: 0211-650302 
TWX: 8589960 
FAX: 0211-6503327 


NEC Electronics [Benelux] 
Boschdijk 187A 

5612 Eindhoven 
Netherlands 

TEL: 040-455-845 

TLX: 51923 

FAX: 040-444-580 


EASTERN REGION [cont] 


2525 Meridian Parkway 
Suite 320 

Durham, NC 27713 
TEL: 919-544-4132 
FAX: 919-544-4109 


200 Perinton Hills 
Office Park 
Fairport, NY 14450 
TEL: 716-425-4590 
FAX: 716-425-4594 


300 Westage Business Center 
Suite 280 

Fishkill, NY 12524 

TEL: 914-897-2101 

FAX: 914-897-2215 


Two Jericho Plaza 
Jericho, NY 11753 
TEL: 516-932-5700 
FAX: 516-932-5710 


EUROPE [cont] 


NEC Electronics [Scandinavia] 


Svardvagen 25B, 18233 
Danderyd, Sweden 
TEL: 08-753-6020 

TLX: 13839 

FAX: 08-755-3506 


NEC Electronics [France] S.A. 
9, rue Paul Dautier-BP187 
78142 Velizy-Villacoublay Cedex 


France 

TEL: 1-39 46 96 17 
TLX: 699499 

FAX: 1-39 46 36 63 


Madrid Office 


Paseo de la Castellana 51 


28046 Madrid, Spain 
TEL: 91-419-4150 
TLX: 41316 

FAX: 91-410-4856 


NEC Electronics Italiana s.r.I. 


Via Fabio Filzi 25/A 
20124 Milano, Italy 
TEL: 02-6709108 
TLX: 315355 

FAX: 02-66981329 


EASTERN REGION [cont] 


One Windsor Plaza 
One Windsor Drive 
Suite B101 
Allentown, PA 18195 
TEL: 215-391-9094 
FAX: 215-391-9107 


CENTRAL REGION 


1500 West Shure Drive 
Suite 250 

Arlington Heights, IL 60004 
TEL: 708-577-9090 

FAX: 708-577-2147 


201 E. Big Beaver Road 
Suite 350 

Troy, MI 48084 

TEL: 313-680-0506 
FAX: 313-680-1015 


1550 East 79th Street 
Suite 805 

Bloomington, MN 55425 
TEL: 612-854-4443 

FAX: 612-854-1346 


EUROPE [cont] 


TEL: 0908-691-133 
TLX: 826791 
FAX: 0908-670-290 


Dublin Office 


34/35, South William Street 


Dublin 2, Ireland 
TEL: 01-710200 
FAX: 01-710937 


ASIA and OCEANIA 


NEC Electronics Hong Kong Limited 
6th Floor, Chuan Hing Industrial Bldg., 
14 Wang Tai Road, Kowloon Bay, 
Kowloon, Hong Kong 


TEL: 755-9008 
TLX: 54561 
FAX: 796-2404 


NEC Electronics [UK] Limited 
Cygnus House, Sunrise Park Way, 
Milton Keynes, MK14 6NP, U.K. 


CENTRAL REGION [cont] 


1105 Schrock Road 
Suite 515 

Columbus, OH 43229 
TEL: 614-436-1778 


~ FAX: 614-436-1769 


30050 Chagrin Blvd. 
Suite 320 

Pepper Pike, OH 44124 
TEL: 216-831-0067 
FAX: 216-831-0758 


16475 Dallas Parkway 
Suite 380 

Dallas, TX 75248 
TEL: 214-931-0641 
FAX: 214-931-1182 


12777 Jones Road 
Suite 196 

Houston, TX 77070 
TEL: 713-955-2191 
FAX: 713-955-2198 


WESTERN REGION 


Two Lincoin Center 

10220 S.W. Greenburg Road 
Suite 125 

Portland, OR 97223 

TEL: 503-245-1600 

FAX: 503-245-3716 


WESTERN REGION [cont] 


Encino Office Park Two 
6345 Balboa Blvd. 
Suite 240 

Encino, CA 91316 

TEL: 818-342-3112 
FAX: 818-342-0842 


200 E. Sandpointe 
Bldg. 8 

Suite 150 

Santa Ana, CA 92707 
TEL: 714-546-0501 
FAX: 714-432-8793 


14001 East lliiff Avenue 
Suite 411 

Aurora, CO 80014 
TEL: 303-755-6353 
FAX: 303-755-6728 


NORTHERN CALIFORNIA 
REGION 


401 Ellis Street 

P.O. Box 7241 

Mountain View, CA 94039 
TEL: 415-965-6200 

FAX: 415-965-6683 


ASIA and OCEANIA [cont] 


Seoul Branch 
Room 501, Korea Air Terminal Bldg. 
159-1, Samsung-Dong, Kangnam-Ku 


Seoul, the Republic of Korea 
TEL: 02-551-0450 
FAX: 02-551-0451 


NEC Electronics Taiwan Ltd. 


7F, NO. 363 Fu Shing North Road 


Taipei, Taiwan 
TEL: 02-719-2377 
TLX: 22372 


NEC Electronics Singapore Pte. Ltd. 


101 Thomson Road #04-02/05 
United Square, Singapore 1130 
TEL: 253-8311 

FAX: 250-3583 


NEC Austraila Pty, Ltd. 

4th Floor, Heine House 

11 Queens Road, Melbourne 
Victoria 3004, Australia 

TEL: 03-267-6355 

TLX: 38343 

FAX: 03-820-0218 


NEC 


NEC Flectronics Inc. 


CORPORATE HEADQUARTERS 7 

401 Ellis Street For literature, call toil-free 8 a.m. to 4 p.m. Pacific time: 
PO. Box 7241 1-800-632-3531 
Mountain View, CA 94039 60105 
TEL 415-960-6000 ©1991 NEC Electronics Inc./Printed in U.S.A. 


TLX 3715792 


